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Liner System is for:
Residual Waste Landfill

COMMONWEALTH OF PENNSYLVANIA

Date PreparedMevised DEPARTMENT OF ENVIRONMENTAL RESOURCES 1. D. Number
BUREAU OF WASTE MANAGEMENT
r FORM 16R
LINER SYSTEM - PHASE II

[ Residual Waste Disposai Impoundment

Class | [0 Classl
O dasslh O Class!l
O dlassill ,
Location: ,
County: tuegeens Cousmty - Municipality: FosrTer Toww Smie
Total Acreage of Site: A aceRes T Acreage of Disposal Area: 2 acees
Liner System Components are: Area Is Equivalency Review
(ft2) Being Requested (Y/N)

Subbase.

Secondary Liner.
Leachate Detection Zone.
Primary Liner.

Protective Cover.
Leachate Collection System
(within Protective Cover).

CAP
Natural Attenuation

o opwN

DDI’DDDDDD
~

Composite Liner
Primary or Secondary (circie one)

Supporting Data:

‘T

See noTe (L) AT Pnee 12.

The following information must be submitted along with this form. For information not appended to this form,
indicate below where in the specifications or drawings the required information is located.

1. Design of Liner System. (Refer to Part|l.)
2. linerinstallation Plan, {(Refer to Part!ll.)

Compatibility of Liner to Leachate.
(Refer to Part V)

4.  Physical, Chemical, Mechanical, and
Thermal Properties of Liners. (Refer to Part V)

5.  Quality Assurance Plan for Construction and
installation of Liners. (Refer to Part V1)

6. Quality Control Plan for construction and
instaliation of liners

6 Slope Stability Analysis

(Drawing) ’ (Specification)

+

SEE NoTE @) on Pace (2

Page 1 of 12
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- COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT QOF ENVIRONMENTAL RESOURCES

_ LD. N be
Date Prepared/Revised BUREAU OF WASTE MANAGEMENT ==
FORM 16R
‘artll,  Design of Liner System. SEE MNoeTE U_ oM PREE 2.
Leachate Leachate
A. Project Specifications Secondary | Detection | Primary | Collection | Protective
Subbase Liner Zone Liner Zone Cover CAP

Thickness
(inches or mils)

Maximum Particle Size

(inches)
-Standard Proctor Density FIELD
(percent) LAB
Bearing Capacity (minimum)
(1b/ft2)
_Total Applied Load
(ibrft2)
Permeability FIELD
(em/s) LAB
Slope MINIMUM
{percent) MAXIMUM

ieogﬂetics:

on-Synthetic Liners:

Where synthetic liners, geonets, geotextiles, or other geasynthetic materials are to be used,
provide information as to the manufacturer, trade name, type, specifications, and composition of
each product. :

Where clay or other soils will be used as the liner, provide information on the Atterberg Limits, soil
dansity, moisture relationship moisture content, and sieve analysis to be maintained at the time of

installation. .

Where piping is installed as part of the leachate detection, Leachate collection or gas disposal
system submit plans and profile drawings of each level, cell or zone which clearly illustrates the:
slope, spacing, diameter and schadule of all piping to be installed.

‘rainage system:

. Design Basis

or each major element of the liner system outlined above, provide the foflowing information which supports the basis for
1e design. Include copies of the results of all tests conducted at the site, assumptions, and calculations used in the design.
he stability of the landfill site and design is to be determined at critical sections. This is to inciude any below grade
xcavations/embankments or berms that may be critical. Consideration must be given tolong and short term stresses,
quipment loadings, filling sequence, and the possibility of earth quakes. Where geosynthetics are used, a veneer stability
nalysis should be performed on the interfaces of the material and the soi! or aggregates. A puncture analysis is to be
icluded where a geosyntheticis used to protect a geomembrane Following information is to be attached to this form and
rfarenced to the appropriate section.

Page 2 of 12
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Date Frep BUREAU OF WASTE MANAGEMENT

3.

FORM 16R

Subbase:

i. Submitdetailed information on how the subbase was sized and located, including the minimum and maximum
depths to seasonal high water table and regional groundwater table. Be sure all elevations are tied to projects grid
system and benchmarks. Expiain this bases for the subbase size and materials selected.

See secmonice 2112 mameo 3. L6 _

ii. Describe how the subbase will bear the weight of the liners, ieachate detection and collection systems, wastes, cover
material, and operations equipment without causing or allowing any failure of the liner system. Explain what
evaluations were conducted at the site and of the subgrade materials to ensure adequacy for the projected loads. K

iii. Discuss the potential for subsidence and the iiner systems ability to allow for settlement. ,

Secondary Liner:

i. Describe the physical, chemical, and thermal properties taken into consideration in selecting the secondary liner.
S~ Cee ScETIoR 3.1 13amn Aecennxil D.

ii. Submitand discuss the results of any testing conducted on the liner material which ensures it will not be adversely ¥
affected, both chemically and structuraily, by the chemical characteristics of the waste or it leachate.

Leachate Detection Zone:
i. Describe the physical, chemical, and thermal properties taken into consideration in selec%ing materials.

SEE section Z.0,1

ii. Submitand discuss the results of any testing conducted on the detection zone materials which ensures they will not *’
be adversely affected, both chemicaliy and structurally, by the chemical characteristics of the waste or its ieachate.

iii. Describe the methods for cleaning and maintaining pipes, including methods for testing installed pipes for ieakage. -

iv. Describe how the leachate detection zone will support the primary liner without causing punctures in the event of &
subsidence.

Primary Liner:
i. Describe the physical, chemical, and thermal properties taken into consideration in selecting the secondary liner.
SEE SECTIoM  3.0.13 nng Geremoix Ll E-

ii. Submit and discuss the results of any testing conducted on the liner material which ensures it will not be adversely *
affected, bath chemically and structurally, by the chemical characteristics of the waste or its leachate.

Protective Cover:

i. Provide a detailed description of the physical and structural aspects of the protective cover. include information on
the size, types, dimensions and depths of all materiais used, siopes, calculations or anticipated stresses and loads &
from wastes and operating equipment. Describe how the cover material will protect the primary liner from physical
damage from stresses and disturbances from overlying wastes, cover materials, and equipment operations.

ii. Describe how the pratective cover will allow the continuous and free flow of leachate. Describe the possibility and s
effects of subsidence should it occur.

* See nore (1) on paee (2,

Page 3 of 12
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Date Prepared/Revised DEPARTMENT OF ENVIRONMENTAL RESQURCES L D. Number
BUREAU OF WASTE MANAGEMENT
FORM 16R

Leachate Collection System within Protective Cover:

i. Provide a detailed description of the physical and structural aspects of the proposed leachate detecticn system er
Include information on the size, types, dimensions and depths of all materials used, slopes, calculations on -
anticipated bearing loads (wastes and equipment}, and leachate detection capabilities. Indicate which drawmgs%
sections of the specifications contain the information on layout and material requirements. * <

ii. Provide a description of how the system will detect, co!lect and transmit leachate Bneﬁy describe the leachate "F
treatment facilities and approvais obtained. © ..c.x . . i

iii. Describe the methods for cleaning and maintaining pipes, including methads for testing installed pipes for leakage™

¥
Cap:

i  Provide a detailed description of the chemical and:structurai characteristics of the materiais to be used for the finafl" |
cover. Be sure to indicate the minimum and maxumum size of materials allowed, sieve sizes, USDA Texture Class, and|’

any other significant distinguishing characteristics. .- Ve aish
ii Provide a description of how the materials are to be placed and compacted wuth details on maximum slopes, N _” vF
minimum depths, and acceptable bearing loads.. el

# See Nore @_)om ease |2

Page 4 of 12
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COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL RESQURCES 1. D. Number

BUREAU OF WASTE MANAGEMENT

FORM 16R

Date Prepared/Revised

PART I, LinerinstallationPlan

Attach a detailed explanation of the procedures and eguipment to be used in site preparation and placement of each phase
of the liner system. To the extent possible, outline the manpower requirements and the time required for each phase of
installation. Be sure to raference applicable drawings and specifications which contain information relevant to each phase of
the liners construction. Asa minimum, the following are to be addressed:

A. Subbase:

_ A
1. Information on the maximum depth of earth moving activities and the site preparation procedures to be foilowed
priaor to the instailation of any subbase materials.
2. Information on the selection of subbase materials, their grading and tests to be conducted to ensure uniformity. ¥
3. Information on how the subbase materials are placed, graded, compacted, and tested for proper installation,
B. Liners: *_

1. Forsyntheticliners, provide all information suppiied by the manufacturer as to required handling and installation
procedures. Seg Secron 3113 mme Qeeeriox HIC

2. Far non-synthetic liners, information on the minimum acceptable characteristics (i.e. moisture content, etc.) are to be T

provided.
For non-synthetic and non-synthetic finers, information as to the equipment required, pre and post instaltation *‘
testing is to be pravided. : l

C. Leachate Detection and Collection Zones:

1. Provide details o how the detection and collection zones will be installed with specific information as to what A
materials and construction techniques will be used to construct each zone.

2. Describe the sequence of construction and equipment used.

3. Describe the sequence for installing the sump and all monitoring or gas venting facilities.

D. Protective Cover:
1. Describe where the cover materials will come from, and how they are transported and placed at the site. |
2. Provide details on how the cover materials will be routinely tested for conformarnice with design specifications.
E. Final Cover and Grading:
1. Provide a detailed description of how the final cover material is 1o be placed, compacted, and graded.
2. Describe the proposed final layout for the area with specific reference to any drainage facilities which will remain.
F. Attenuating Soil Base. (Class Il Residual Waste Landfills)

1 Describe the Class of soils to be used as classified by the United State Department of Agriculture.
' . H Sce Nore ( zj one Paes /.

Page Sof 12

AR313080




ER-WM-393:5/92
COMMONWEALTH OF PENNSYLVANIA
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BUREALI OF WASTE MANAGEMENT

FORM 16R

Date Prepared/Revised

2. Indicate where in the specifications and quality control procedures the requirements for attenuating soil, as
contained in Section 288.624(b) of the residual waste requiations, are contained. A

3. Describe the praposed sequence for placement of waste and attenuating soils.
G. Highwalls:

1. Describe how the liner or barrier materials will be installed to prevent the migration of leachate from the disposal
area. ' ’

2. Provide information on each type of barrier material to be used and its minimum thickness. Include appropriate
information on the physical and chemical characteristics of the material, and proof the materiai is not adversely
affected by solid waste, Jeachate, or its constituents.

3. Provide detailed information on the different seams or outcrops at the proposed site and how they will be isolated ¢
from wastes.

4. Explain how groundwater and surface water drainage will be controlied and eliminated.
5. Submit a plan for controlling damage from subsidence or the collapse of highwalls.
H. Limitations:

1. Provide appropriate information on any land use restrictions or limitations that should be followed during and after
. closure of the facility.

v

#* See nvore 7 av raes /2.

Page 6 of 12
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FORM 16R

Partlv. Compatibility of Liner to Leachate:

A sampling plan for aach companent of the liner system, including sample size, methods for determining sample locations,
sampling frequency, acceptance and rejection criteria, and methods for ensuring that corrective measures are implemented
is to be inciuded with this form.

A. Information must be submitted which demonstrates that leachate will not atlversely affect the physical or chemical
characteristics of the liner system, or inhibit the liner’'s ability to restrict the flow of solid waste, solid waste
constituents, or leachate. ) A

Test Method Used:

Results of Liner Compatibility Tests are:

Exposure Period (days)

Temperature of Solution

Source of Representative Sample of Leachate
Type of Compound and Construction

(Liner Classification: Thermopiastic,

Fabric Reinforced, etc.)

5. Tensile Properties:

a. ASTM Methed

b. Type of Specimen . e‘é
¢ Speedof Test

d. Valuestobe Reported:

Ll

6. Tear Resistance:

a. ASTM Method
b. Type of Specimen
¢. Speed of Test

B. Attach a copy of the chemical analysis of the leachate used in determining the above results. +

C. Where appropriate, attach an analysis of the current leachate emanating from this landfill.

* Bs vescines wv Secronr 5 S A3 commpriatisry

. FTESTINVG ot BE PELFORMES b TI4E LINER

LIRTERMBALE S ELBETTD Dileimil [EIrvide DeSienr.

Page 7of 12
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FORM 16R

PartV. Properties of Synthetic Liners

Supply the foilowing physical, chemical, mechanical, and thermai properties for liners, based on ASTM methods where
appropriate. Additional information may be submitted.

Results with Units
of Measurement ASTM Method

Thickness

Tensile Strength at Yield

Elongation at Yield

Elongation at Break

Medulus of Elasticity

Tear Resistance

tmpact Resistance

Puncture Resistance

P NEm AW N

Seam Strength (% of Liner Strength)

0. Ultravioiet Light Resistance
1. Operating Temperature Range

1
@
1

13. Soil-to-Liner Friction (Angle in Degrees)

2. Permeability

14. Ozone Resistance

15. Water Vapor Transmission

16. Coefficient of Linear Thermal Expansion

17. Low Temperature/Brittleness

Ser cecrvar S/ /3/ Froerone 11 D

Ruvo FHrrewvorx I E

Page Bof 12
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FORM 16R

Sce riere 1 6 Pace 12
Aeso cee s€crtord 30:(3

Part VI.Quality Assurance Plan for Construction and for Installation of Liners.

The following information shall be submitted on separa'te pages and referenced t .
Section A summary table is to be provided which explams the procedures, the frequency for each test, and the pass/fail
criteria which must be met.
A. Qualifications of independent QA personnel (describe experience and training).
B. Subbase
1. Provide design summary of procedures used to assure objectives are met:
a. Outline tests and observations to ensure quality of compacted fill.

b. Explain observations to ensure removal of objects or undesirable materials.

c.  Discuss observations and tests that ensure that the surface is compacted, smooth, uniform, and
consistent with design grades.

d. Summarize surveying to ensure that facility dimensiaons, side slopes, and hottom slopes are as specified
in design.

e. Summarize review of Quality Control information.
.. Non-synthetic Liners
1. Discuss inspection procedures of liner materials and test fill compaction. Properties to be tested should
include: permeability, soil density/moisture content relationships, maximum ciod size, particle size

distribution, natural water content, Atterberg limits.

2. Qutline procedures and methods for abserving and testing liner ma==ials before and after placement to
ensure:

a. Removal of roots, rocks, etc.
b. Identification of changesin soil characteristics causing a change in construction specifications.

¢. Adequate spreading and incorporation of water to obtain full peretration through clods and uniform
distribution of the specified water content.

d. Maintaining optimum water content throughout wet and dry periods and during construction.
D. Synthetic and Geosynthetic Liners
Qutline Procedures For:

1. Inspection of product gquality, the review of manufacturers control procedures and any ¢ther observations
related to transporting, storing, and handling.

2.  inspection of foundation preparation and equipment.

Page 9 of 12
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Date Prepared/Revised

3. Qbservations of liner placement.
See woere | o pace 12

4, ed and availabili nufacturers representative. -
Ne d ty°fma u u P tative ” LS S€F SFECTICM 34 ‘-l3

5.  Observations of weather conditions. Awn aeeenoix 1L

6. Observations and measurements of anchor trench 1o ensure that it is as specified in design drawings.

7. Observations and tests to confirm that all designed liner penetrations and liner connections are installed as
specified.

8. \Visual inspection for tears, punctures, or thin spots during placement.
9. Inspections during and after liner seaming.

10. Observations and tests to assure that seals around liner penetrations are of sufficient strength and are
impermeabie to leachate.

E. Protective Cover
Outline Procedures For:

1. Tests to ensure that the cover material meets design specifications, including permeability and clogging
potential.

. 2, Observatioﬁs that the cover material is free frpm objects that could damage the finer.
3. Observations to ensure that equipment used to place cover does not damage liner.
4. Measurements to ensure that entire liner is covered with specified thicknass of cover material.
F. Leachate Detection and Collection Systems.
Discuss how the following activities will be conducted.

1. Observations and measurements to ensure that materials are of specified size and strength, and that pipe
perforations are sized and spaced as specified.

2. Observations and tests to ensure that soils to be used are of proper size and gradation.

3. Method of placing bedding and inspection to ensure the pipes are bedded correctly and not susceptible to
movement.

4. Observations and measurements to ensure that pipes are placed at specified locations, at specified grades,
and are joined together as specified.

5. Observations and tests to ensure that backfilling is completed as specified in design, in all areas, including
areas where a liner connects to a structure. |

6. Testing of pipe joints and testing of solid wall pipes to ensure that there is no leakage.

Page 10 of 12

AR313085




4______——&

ER-WM-393:5/92
COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL RESQURCES . D. Number

BUREAU OF WASTE MANAGEMENT

FORM 16R

Data Prepared/Revised

7.  Observations and tests of the granular drainage layer to ensure that the material meets the specifications of
design (including permeability and clogging potential to geosynthetics).

8. Synthetic drainage layers: Observations to ensure proper placement, correct seaming, and allowable
weather conditions.

9. Geotextiles: Observations of placement to ensure that specifications are followed, adequate overlap or
seaming, and that there is no damage.

10. Sumps: Observations to ensure that structures are of specified dimensions, material, and capacity.

11. Mechanical and electrical equipment installation: Observations to ensure that equipment isin accerdance
with design specifications and manufacturer’s recommendations.

G. Final Cover System
See note A
Discuss who and how following activities will be conducted: o Pace (2.

1. Observations and tests to evaluate stability of cover system foundation.
2. Observations and testing as necessary to confirm that soil materials meet specified design.

3. Non-synthetic component: Monitor soil type, moisture content, density, compaction, lift thickness, clod size,
uniformity of compaction, completeness of coverage, and permeability.

. 4. Tests for seals around penetrations such as gas vent pipes to ensure that they do not leak.

5.  Inspections for perimeter of cover, where the soil component joins or overlies the liner system, to ensure that
it isinstalled according to specifications.

6. Liners used in the capping system shall follow guidelines for syntheticiiners.

7. Observations far a protective layer,'such as a geotextile, which is placed above the liner as pro=ction from
drainage layer, to ensure proper placement 1o avoid damage to the liner.

8. Drainage and gas venting layer placement: The gas discharge layer is ptaced befow the synthetic liner and
the water drainage layer is placed above the synthetic liner. Guidelines for the ieachate coliection and
detection zone will be followed. Inspections of the installation of the drainage layers around the perimeter
of the cover system is impartant, for it is here that the system connects to the surface drainage facilities.
Ensure that design specifications, particularly dimensions and slopes, are achieved. Controiled gas discharge
or collection systems are checked for proper installation and function.

9. Filter layer used above or below drainage layer to stop migration or piping of fine materials should be tested
for any clogging potential. During construction of filter layer, inspection will include monitoring of particie
size (for soil materials) or geotextile type and certification, seaming or overlap for geotextiles, slope of
surface, and coverage.

10. Topsoil layer placement: Monitor uniformity of application process, cbservations to ensure that soil is not
overly compacted, and measurements of thickness and siope of topsoil layer.

Page 11 of 12
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FORM 16R

11. Topsoil seeding: Inspection of seeding process, measurement of tilling depth, application rate of additives
should be monitored for consistency with design specifications. Application equipment will be appropriate.
Verify tl:xat all vents and standpipes or other penetrations through cover are not damaged by tilling and
application process. Weather conditions are to be appropriate. Post-construction: Slapes will be surveyed
and any unusual depressions noted and corrected.

12. Review of Quality Control information.

N OTE ’1 : /;wt" SNIEDRILRTION REQUIRER Frv 717 S LECT7ons
(Foamt 16R) avveo BE BRSED ON TH& LINER
METERBPLL RINEG COMITRVCTION MHETIHooS To BE
SELECTED DUPING FINAL DESISN. Trrs
//«iz:,epf;znak"waZrLa FE Sulirt iTrew 70 LSEPY
FOR REVIEL) WO FLPPROVHE L/HEN 177 L
DPESIEAs 15 COPTPLE 71l WD LindER  FIFEdHat s v
PNE  METAHIOS O°F CONCTRICTOrs MHIIE BEEN
SELE TED
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APPENDIX 11A

COVER AND LINER SYSTEMS

FOR ON-SITE CONTAINMENT
CELL (FROM FS)

From:
FS Figure 7-7
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COVER SYSTEM
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LINER SYSTEM

NOTES:

1.

COVER AND LINER SYSTEMS FOR
ON-—SITE DISPOSAL UNIT DESIGNE
TO MEET FEDERAL (40 CFR 264)
AND STATE (PADER TITLE 25

CHAPTER 75.264) RCRA REQUIREMENTS.

2. SOURCE: MCLAREN/HART

ENVIRONMENTAL
ENGINEERING CORP.
PITTSBURGH, PA

S

D

2’ QF SOIL CAPABLE OF
SUPPORTING ADEQUATE .
VEGETATIVE GROWTH

NON~-WOVEN GEOTEXTILE

6" DRAINAGE LAYER
OR GEONET

60 MIL HDPE
NON--WOVEN GEOTEXTILE

17 OF INTERMEDIATE COVER

1’ PROTECTIVE COVER
NON-WOVEN GEOTEXTILE
60 (OR 80) MIL HDPE
NON—WOVEN GEOTEXTILE
1’ DRAINAGE LAYER
NON-WOVEN GEOTEXTILE

60 MIL HDPE
NON—-WOVEN GEOTEXTILE

6" SUBBASE

TME
COVER & LINER SYSTEMS
FOR ON-SITE
RCRA CELL
PREPARED FOR

AT&T NASSAU METALS
SCALE FIGUR
m] ERM-Northeast | == ™™
Environmental Resources Manogenent [ DATE 4-7

[JUZY 18, 1001

4- 117

#14001.02
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APPENDIX 11B

CONCEPTUAL LINER DESIGN
ON-SITE CONTAINMENT CELL
(MODIFIED FS LINER DESIGN)
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S

REGULATION ZONE FIGURE DESCRIPTION
STABILIZED
~ /#  MATERIAL
28?&"637 C‘-gﬁ‘g%% % 2508 0 & PERMEABLE SOIL
ZONE 2°,,0° 5,8 o5 (PERMEABILITY NOT LESS
288,438 o fo’ o X5 ° 50 THAN 1.0 x 107 cm/sec)
WITHIN 1803000 2 2 5%
PROTECTIVE 20°2% ()% o a2 6" DIAMETER PERFORATED
COVER 200 3 o, PIPE
2 00 04 5 0% @
288,436 PRIMARY Y —_— o .
LINER X ——— 60 mil HDPE
W < e, 0 PERMEABLE SOIL
288.435 LEACHATE L2082 20 02 (PERMEABILITY NOT LESS
o DETECTION ® 12 2 bo o :; aoo:" THAN 1.0 x 107 cm/sec)
ZONE 1 200 225 4" DIAMETER PERFORATED
PIPE
288,434 SECONDARY X X =———-et——— 60 mil HDPE ***
LINER
— - SUBBASE SOIL
288,433 SUBBASE % - - — / (PERMEABILITY NOT GREATER
L THAN 1.0 x 107° cm /sec)
GROUND b 5,00, " 402 PERMEABLE SOIL
WATER ” o . o
288.4320)(2)  pRANAGE 12 § 00 e 0%
LAYER s | © o2 aO-;—o-"—a——4 DIAMETER PERFORATED
- PIPE
BOTTOM \
/ OF _/
CELL
NOTES:
* SUBBASE DEPTHS: ,
FOR NORTHEAST CELL AREA: DEPTH = 6 INCHES
FOR SHALE PIT CELL AREA: DEPTH = 8 FEET
#x GROUND WATER DRAINAGE LAYER PROPOSED
FOR SHALE PIT AREA ONLY " e
+++ COMPOSITE LINER CONSTRUCTED OF CONCEPTUAL LINER DESIGN
BENTONITE LAYER ATTACHED TO HDPE ON-SITE CONTAINMENT CELL
GEOMEMBRANE

C&D RECYCLING SITE

= —
AT&T NASSAU METALS

! ERM—Northeast [== ==

| Eavirenmenisl Ressurves Manasgement NONE | aprenmix
= e i 1B
631.002.03] APPNDIIB ) 3/24/93




APPENDIX 11C

SAMPLE LINER INSTALLATION
QUALITY ASSURANCE AND
QUALITY CONTROL PLAN

From: 7
Quality Control Manual and
Quality Control Update
Gundle Lining Systems, Inc.
Houston, Texas
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1.

- -

QUALITY CONTROL MANUAL

QUALITY CONTROL

1.1

Company Statement

This gquality control manual is intended to satisfy the
basic quality control needs of the company.

The procedures herein must be adhered to at all times.
This supercedes all previous procedures relating to
quality control. Personnel may only deviate from these
procedures if instructed to by the President of the
company.

These procedures apply to all production. They should
be updated at least annually. Conformance to procedures
will be monitored by an audit at least annually,.

CBJECTIVE

2.1

The objective of this manual is to lay down procedures:

a. For achieving a structured approach towards
attaining the high quality of the products demanded
by customers, and,

b. To satisfy the Company’s need for systematic
precedures operated by an effective and efificient
quality control department within the organizatioen.

SEAMPLING FREQUENCY

3.1

3.2

TESTING PROCEDURE

4.1

Raw Materials - A sample from each hopper compartment
will be tested.

Finished Goods = Products must be sampled at least twice
per shift. Samples must be taken even if they cannot be
tested until a later date. 8anmpling is done by
production personnel.

Raw Material testing involves short term testing aimed
at vfingerprinting' the material supplied. Every resin
demonstrates its own individual characteristics that are
determined by its chemical make-up and molecular weight.
For reference purposes, density and melt index serve to
identify the material as being acceptable or not. a
visual inspection for contaminants is also performed.

- AR313103




4.1.1 The melt index (ASTM D1238) is a numerical
qualification of the molecular weight of the
material as demonstrated by flow through a
.0825 inch (2.09mm) diameter orifice at
constant pressure and temperature. Lower
molecular weight materials flow faster than
higher molecular weight materials, thus giving
an aexact value particular to any grads of
resin.

4.1.2 The density of the material (ASTM D1504) is
expressed as the weight per unit volume of the
material at 23 degrees C. The density of the
material serves as a reference to a range of
properties inc¢luding tensile strength,
hardness, and chemical resistance.

4.1.3 A visual inspection of the sample is performed
to identify any possible contaminants.

Pinished goods testing involves short and long term
testing aimed at confirming the physical properties of
the material.

4.2.1 Tensile and elongation properties are
determined according to 28TM Dé38. - The
tensile strength at yield and break is
determined and must meet pre-defined
specifications. Elongation at the yield point
as well as the ultimate elongation of the
material is determined and nust meet pre-
defined specifications.

Tensile testing is performed parallel and
transverse to the production direction. A 2-
inch (50.8mm) per minute testing rate is used
in conjunction with type IV tensile specimens.

4.2.2 The thickness of <the material is tested
according to ASTM D1593 and D374.
Measurenments are taken across the width every
seven inches and along the length of the sheet
every five minutes.

4.2.3 The carbon black content is monitored
according to ASTM D1603, BSamples of the liner
material are weighed and then pyrolyzed under
nitrogen which vaporizes the polyethylene,
leaving the carbon black as a residue. The
weight of the carbon is taken and the percent
carbon black content calculated. Maintaining
a minimum carbon black content of 2% ensures
resistance to ultravioclet exposure.
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4.2.4 A~ visual inspection is made o©f the 1liner
material to ensure that it is free of pores,
pinholes, or other detrimental defects.

4.2.5 Environmental stress. crack testing is
performed according to ASTM D1693. Notched
specimens of sheeting are bent 180 degrees and
tested at S50 degrees C in 10% igepal C0-63¢C
solution. No failures should occur.

4.2.6 From the daily production testing, a quality
certificate is issued by the laboratory.

Field Quality cControl testing involves both non-
destructive and destructive testing. The non-
destructive testing is primarily centered on determining
“watertightness", whereas the destructive testing is
based on the ASTM D4437 test method.

4.3.,1 One inch strips cut with the weld centrally
located are tested by stressing the weld in a
"ghear'" configuration. That is, the top sheet
is stressed in relation to the bottom sheet in
a direction away from the weld. A pass result
cccurs when the upper or lower sheet yields.
A fail result occurs when the weld fails.

4.3.2 One inch strips cut with the weld centrally
located are tested by stressing the top sheet
in relation to the overlapped edge of the
lower sheet in an effort to peel the weld
away. A pass result occurs when the sheeting
yields. A fail result occurs when the weld
peels.

4.3.3 A sample weld shall be made twice during each
shift with each welding machine. Samples from
the weld shall be tested in shear and peel,
and no welder may start work until the sample
weld has been approved.

4.3.4 A visual examination of the seam provides the
most useful means of ensuring watertightness.
As Gundle fusion welds are visible on the
surface, any suspect areas, brakes, or holes
in the weld are easily seen and marked for
repair.

4.3.5 Destructive shear and peel tests shall be done
by random selection of an actual field weld no
less than one sanmple per 500 feat (150 meters)
of weld.
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vacuum testing feollows no specific standard.
A glags-faced suction box, typically 3 feet (1
meter) long and wide enough to cover the weld,
is placed over a section of the seam which has
been wet with a socap sclutien. Buction is
applied to the seam and any leaks are
demonstrated by the formation of bubbles.
Holes are marked and repaired.
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o QUALITY CONTROL UPDATE

TECHNIQUE, OUALITY CONTROL & FIELD SEAM TESTING PROCEDURE

Field Seanms

Gundle uses two methods for seaming flexible membrane liner
material in the field: the hot wedge (fusion) welding
process and our patented fillet-extrusion welding process.

Welding Equipment

The welding equipment used shall be capable of continuously
monitoring and controlling the extrusion/fusion zone. The
fillet-extrusion welding device provides c¢ontinuous dynamic
integration of the extrudate into the sheet material through
the means of rotating tips in the nozzle. The composition of
the extrudate (welding rod) is identical to the flexible
membrane liner. This method of seaming is applied for all
tees, patches, "fishmocuths", and detail work. The fusion
welding device empleoys a hot wedge (hot shoe) and
compression. The system 1lifts both layers of flexible
membrane liner off the subgrade and fusiocn is brought about
by melting the sheets against the het wedge and compressing
the two melted surfaces together resulting in a total
integration of the polymers.

Weld Quality Control and Testing

3.1 A test weld, three (3) feet [one (1) meter] long, from
each welding machine shall be run each day prior to
liner welding and under the same conditions as exist for
the liner welding. Bamples of weld shall be cut frem
the test weld and pulled by hand in the peel mode. The
wald should exhibit a film tearing bond (FTB). The test
weld shall be marked with date and welding machine
number. The weld sample shall be kept for subsequent
testing on laboratory tensometer equipment in accordance
with the applicable ASTM tests.

3.2 All welds, on completion of the work, shall be tightly
bonded. Any membrane area showing injury due to
excessive scuffing, puncture, or distress from any cause
shall be replaced or repaired with an additional piece
©of Gundline membrane.

3.3 A quality-control technician shall follow behind each
seam crev and perform a visual inspection of the seanmed
area. Defective seams should be marked and repaired in
accordance with Gundle’s published repair procedure.
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No "fish-mouths" shall be allowed within the seam area.
Yhere “fishmouths" occur, the material shall be cut,
overlapped, and an overlap-extrusion weld shall be
applied.

All field seams (100%) shall be tested non-
destructively. Pillet-extrusion welds are tested with a
vacuum chamber. Hot wedge welds are pressure tested,
pressurizing the gap created by the split face design of
the hot wedge.
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MATERTAL

L 4

QUALITY CONTROL CERTIFICATE
GUNDLINE HD

BATCH ¢

ROLL #

TEST PARAMETER
Thickness, mils
Density, gms/cm3
Tensile S8trength
(psi) Yield
Break

% Elongatien,
Break

CERTIFIED BY:

SPECIFICATIONS

REQUIRED

Darlene Phouangsavanh

Lab Superviseor

DATE

PROJECT

TEST RESULTS

ASTM TEST
METHOD

b 1593
D 1505
D 638

Type IV
2 ipm

D €38
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LABORATORY REPORT e

Batch #

DATE
SUBJECT:
Resin quality control
TEST METHOD:
Malt Index

Density
TEST RESULTS:
Melt Index, E
P

Density

CONCLUSION:

CERTIFIED BY:

Darlene Phouangsavanh
Lab Supervisor

AS8TM D1238 E & P

AS8TM D1505

g/10 min.

g/10 min.

g/cm3
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SITE WELDING QUALITY CONTROl, REPORT

PROJECT CONTRACT #
8ITE DATE
MATERIAL THICKNESS

¥Weld Reference

Weld Inspection Observations

Weld Re-Inspection ‘ Obhgaervations

S8ample Weld Location

8ampled By: . e

Bample Weld Test Results

SBample Weld # , Bpecimen Peel Results

1
2

N e

N

CERTIFIED BY:

Lab Technician

AR313] |2




APPENDIX 11D
SAMPLE SYNTHETIC LINER
MATERIALS (HDPE) SPECIFICATIONS

From:

Standards Specifications For
HDPE Liner Materials
Gundle Lining Systems, Inc.
Houston, Texas
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« STANDARD SPECIFICATIONS
. FOR HEDPE LINING MATERIAL

1. BCCPE -

These spacifications describe High Density Polyethylene
(HDPE) Lining Membranes. The supply and installation of
these materials shall be in strict accordance with the
Engineer's specifications and engineering drawings and be
subject to the terms and conditions of the contract.

2. MANUFACTURER'S8 EXPERIENCE

The manufacturer of the 1lining material described
hereunder shall have previcusly demonstrated his ability
to produce this membrane by having successfully manufac-
tured a minimum of one hundred million square feet
(9,290,226 meters) of similar 1liner waterial for
hydraulic lining installations. The manufacturer must be
listed by the NSF (National sSanitation Feundation)
S8tandard 54.

3. LINING MATERIAL

3.1 The nev membrane liner shall comprise HDPE material

manufactured of new, first-gquality products designed

. and manufactured specifically for the purpose of
liquid containment in hydraulic structures.

3.2 The Contractor shall, at the time of bidding, submit
a certification from the manufacturer of the sheet-
ing, stating that the sheeting meets physical
property requirements for the intended application.

3.3 The liner material shall be so produced as to be
free of holes, blisters, undispersed raw materials,
or any sign of contamination by foreign matter. Any
such defect shall be repaired using the extrusion
fusion welding technique in accordance with the
manufacturer's recommendations.

3.4 The lining material shall be manufactured a minimum
of 22.5 feaet (6.8 meters) seamless widths. Labels
on the roll shall identify the thickness, 1length,
and manufacturer's roll number. There shall be no
factory seams.

3.5 The 1liner material shall meet the specification
values according to the specification sheet for
HDPE.
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PACTORY QUALITY CONTROL

4.1 Raw Material
All compound ingredients of the HDPE materials shall
be randomly sampled on delivery to the EHDPE
manufacturing plant to ensure compliance with
specifications. Tests to be carried out shall
include Density ASTM D1505 and Melt Index ASTM
D1238, Condition E.

4.2 Manufactured Roll Goeds
Samplas of the production run shall be taken and
tested according to ASTM D638 to ensure that tensile
strength at yield and break, elongation at yield arnd
break meet the minimum specifications. A quality
control certificate shall be issued with the
material.

4.3 2All welding material shall be of a type supplied by
the manufacturer.

INSTALLATION

5.1 Area sSubgrade Preparation
Surfaces to be lined shall be smocth and free of all
rocks, stones, sticks, roots, asharp objects, or
debris of any kind. The surface should provide a
firm, unyielding foundation for the membrane with no
sudden, sharp or abrupt changes or break in grade.
No standing water or excessive moisture shall be
allowed. The installation contractor shall certify
in writing that the surface on which the membrane is
to be installed is acceptable before commencing
work.

5.2 Contractor Approval

The installation of the HDPE must be done by the
manufacturer using the manufacturer's extrusion or
hot wedge welding equipment and dinstallation
methods. All supervisors overseeing the liner
installation must have ten million square feet of
suparvisory liner experience. All field technicians
must have over one million squarae feet of seaming
experience.
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6.

Fiald Seams

Individual panels of liner materxrial shall be 1laid
out and overlapped by a maximum of four inches (101
millimeters) for extrusion weld prior to welding or
five inches (127 millimeters) for hot wedge weld
prier to welding. Extrame care shall be taken by
the installer in the preparation of the areas to be
welded. The area to be welded shall be cleaned anad
prepared according to the procedures laid down by
the material manufacturer. All sheeting shall be
welded together by means of integration of the
extrudate bead with the lining material. The compo-
sition of the extrudate shall be identical to the
lining material, or all sheeting shall be welded
together using the hot wedge welding system.

The welding equipment used shall be capable of
continuously monitoring and controlling the tempera-
tures in the 2zone of contact where the machine is
actually fusing the lining material so as to ensure
that changes in anviroanmental conditions will not
affect the integrity of the weld.

No "fish mouths" shall be allowed within the seam
area. Where “fish mocuths" occur, the material shall
be cut, overlapped, and an overlap extrusien weld
shall be applied.

FIELD SEAM TESTING/QUALITY CONTROL

6.1

6.2

The installer shall employ on-site physical non-
destructive testing on all welds.

A quality-controel technician shall inspect each
seam. Any area showing a defect shall be marked and
repaired in accordance with HDPE repair procedures.

A test weld three (3) feet long [one (1) meter] long
from each welding machine shall be run each day
prior to liner welding and under the same conditions
as exist for the liner welding. The test weld shall
be marked with date, ambient temperature, and weld-
ing machine number. Samples of weld 1/4" to 1/2v
(10mm to 20mm) wide shall be cut from the test weld
and pulled by hand in peel. The weld should not
peel. Beams should exhibit a film tear bond. The
weld sample shall be kept for subsequent tesating on
labeoratory tensometer equipment in accordance with
the applicable ASTM standards. Random weld samples
may be removed from the installed welded sheeting at
a fregquency to be agreed (e.g. 1/500' of weld).
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6.4 The exnd user company, or his designated representa-
tive, reserves the right of access for inspection of
any or all phases of this installation at their
expense.

WARRANTY AND GUARANTEE

The manufacturer/installer shall provide a written
warranty.




APPENDIX 11E

SAMPLE COMPOSITE LINER
MATERIALS (HDPE AND
BENTONITE) INSTALLATION
SPECIFICATIONS

From:

Gundseal Installation Instructions

Gundle Lining Systems, Inc.

(Note: Gundseal is a trade name of a bentonite clay plus
HDPE composite liner manufactured by Gundle Lining
Systems, Inc.
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GUNDSEAL
GENERAL INSTALLATION INSTRUCTIONS

EQUIPMENT

A four inch diameter (Schedule 80 or heavier pipe), 20 foot long spreader bar is attached
to the bucket of a loader or fork lift, An axle bar (four inch Schedule 80 or heavier pipe)
or end compression system is connected to the spreader bar, If GUNDSEAL is installed
with the geomembrane side facing the subgrade, then a lightweight motorized vehicle with
a trailer hitch can be utlized in conjunction with the front end loader.

PRODUCT

GUNDSEAL 20 mil rolls are 17.5 feet wide x 200 feet long. Each roll weighs approximately
3,950 Ibs. GUNDSEAL is available with thicker HDPE or VLDPE sheets. However, these
rolls will be shorter than 200 feet.

The product must be kept dry until covered with clay, membrane, or soil. If wet, lay out

bentonite side up to dry before installation. The weight is approximately 1.1 1b./square
foot.

INSTALLATION

Subgrade Preparation

Surfaces to be lined shall be smooth and free of all rocks, sharp stones, sticks, roots, sharp
objects, or debris of any kind. The surface should provide a firm, unyielding foundation
for the GUNDSEAL with no sudden, sharp or abrupt changes or break in grade.

Procedures

GUNDSEAL can either be installed with the geomembrane side down, facing the subgrade
or with the bentonite side down, facing the subgrade. The installation procedures for these
two methods are very different due to the fact that extreme care must be taken when
installing the bentonite side down in order to prevent the bentonite from being scraped off
the high density polyethylene sheet.

Geomembrane Side Down

Two pieces of angle iron can be clamped to the end of the GUNDSEAL sheet as
illustrated in Figure 1. A chain should be attached to the upper angle iren. This chain
can then be looped over a trailer hitch on a pick-up truck or other motorized vehicle
which will not damage the subgrade. This vehicle will then position the GUNDSEAL in
place. As the GUNDSEAL is being positioned in place, installers on both edges of the
GUNDSEAL can walk the GUNDSEAL into proper alignment. These installers should
be equipped with wide mouth vice grip pliers that they can use to clamp on to the edges
of the GUNDSEAL sheet and guide it into place. See photograph at end of section for
example of this type of installation.
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Figure1

Bentonite Side Down

Installation of GUNDSEAL with the bentonite side down facing the subgrade is more
difficult and slower. The GUNDSEAL will have to be aligned with the adjacent
-GUNDSEAL sheet and the loading equipment with GUNDSEAL roll on spreader bar
will have to back away from the initial starting point unrolling the GUNDSEAL with
the aid of installer as the equipment backs away. This type of installation is illustrated
in Figure 2. Installers, equipped with wide mouth vice grips, can try to align small
misalignments as the loading equipment is backing from the initial starting point.
However, large misalignments will not be able to be handled by the installers due to the
weight of the GUNDSEAL. Therefore, it is imperative, that at the initial starting point,
the alignment be verified before the GUNDSEAL is unrolled. Once again, it is not
recommended that the GUNDSEAL be pulled across the subgrade soils with the
bentonite side facing downward since this action will dislodge the bentonite from the
high density polyethylene sheet. -

Figure 2
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Cover material should be pushed perpendicular to the GUNDSEAL seams from the upper

sheet to the lower sheet as illustrated in Figure 3. Care should be taken to keep cover
material from separating the GUNDSEAL seams.

3" T0 6° OVERLAP

Figure 3

Crest Anchorage System

An anchor trench needs to be excavated to the lines and widths shown on design drawings
prior to GUNDSEAL placement,

If the anchor trench is excavated in a clay liner susceptible to desiccation, no more than
the amount of trench required for GUNDSEAL to be anchored in one day should be
excavated (unless otherwise specified) to minimize desiccation potential of the anchor
trench clay soils.

Slightly rounded corners should be provided in the trench where GUNDSEAL adjoins the

trench so as to avoid sharp bends in the geomembrane, No loose soil should be allowed to
underlie GUNDSEAL in the anchor trench,

Weather Conditions

GUNDSEAL placement should not take place during any precipitation, in the presence of
excessive moisture, or in the presence of excessive winds (unless wind barriers are
provided).

. Seams

Overlapping is to be 3-6 inches unless engineering specifications indicate otherwise.
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. Patching

Patching can be accomplished with a patch that has a 12 inch overlap arcund the
damaged area. The patch is to be tucked into place with bentonite poured over the
overlap.

SPECIAL NOTES

GUNDSEAL needs to be stored in a dry environment on firm, level ground. The rolls
should be protected by an additional waterproof cover; i.e., canvas tarp, plastic sheet, ete.
The GUNDSEAL rolis should be stacked no more than two rells high, Care should be
taken to keep vehicles from making direct contact with the bentonite portion of
GUNDSEAL. GUNDSEAL is shipped in plastic wrapping which needs to remain on
GUNDSEAL until it is ready to be installed. It is best to install GUNDSEAL so that it is
covered directly after being laid down. A sudden rain may cause rework.

Should GUNDSEAL become wet, allow air-drying before cover material is laid down.
GUNDSEAL will be dry-for-installation when desiccation marks show across the bentonite
surface.,

Should GUNDSEAL be welded, welding is to be performed only by Gundle Lining
ﬁmstnl:ction Corp. or an approved Gundle contractor and per the Gundle Quality Control
anual.

AR313122




z

INSTALLATION OF GUNDSEAL
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APPENDIX 11F

PHYSICAL AND CHEMICAL PROPERTIES OF
HDPE LINER MATERIAL

From:

Gundle Lining Systems, Inc.

Gundline HD Specifications

(Note: Gundline is a trade name of a HDPE liner material
manufactured by Gundle Lining Systems, Inc.)
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Gundle Lining Systems Inc

= " embrittlement over time.

i GUNDLINE® HD is a high quality formulation of High Density Polyethylene containing approximately
: 97.5% polymer and 2.5% of carbon black, anti-oxidants and heat stabilizers. The product was designed

specifically for exposed conditions. It contains no additives or fillers which can leach out and cause

- *GUNDLINE® HD SPECIFICATIONS -

Oxidative Induction Time (OIT).
Minutes. (Min.)

7
i
pd ) -h. 4 m
HE ¥-Taf- . 2] [J N £
H
!
. 30mil 40mil 50mil 60mil 8Gmil 100mil 120 mil 140 mil
T ) {0.75mm) {d.o0mm) (3.25mm} (1.5mm) (2.0 mm} (2.5 mm) (3.0 mm}) (3.5 mm)
Density. g/cc. (Min.) ASTM D1505 0.94 094 03  0.94 0.94 094 094 . 0.94
) Melt Flow Index. ASTM D1238 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
) g0 min. (Max.) ‘Condition E (190°C, 2.16 kq.)
7 Tensile Properties ASTM D 638 Type IV , N
. {Typical) . Dumb-bell at 2 ipm. ,
1. Tensile Strength at Break 120 160 200 240 320 400 480 560
, {Paundsinch width)
i 2. Tensile Strength at Yietd 70 85 115 140 190 240 290 340
: {Pounds/inch width) , - - - - - - S
3. Elongation at Break - 700 700 700 700 700 700 700 700
(Percent)
4. Elongation at Yield 13 13 13 13 13 13 13 13
. {Percent)
Tear Resistance Initiation. ASTM D1004 Die C 2 W 37 45 55 65 80 95
ibs. (Typical)
Low Temperature Brittleness. °F ASTM D746 Procedure B -2 =112 {12 -2 —f12 -2 112 —112
(Typical)
Dimensional Stability. % Change ASTM D1204 o +2 =2 =2 +2. *2 +2 =2 *2
Each direction. {Max.) 212°F 1 he.
Resistance to Soil Burial. ASTM D3083 using
Percent change ~ASTM D638 Type IV _ _ ~ e -
in originai value. (Typical) Dumb-bell at 2 ipm. - s - -
Tensile Strength at Break % Change =10 =10 =10 +=10 =10 =10 =10 =10
and Yield . ) _
Elongation at Break % Change +10 =10 =10 =10 =10 +10 =10 =10
and Yield . - :
Environmental Stress Crack. 'ASTM D1693 1500 1500 1500 1500 1500 1500 1500 1500
Hours. (Min.) (10% Igepal, 50°C)
Puncture Resistance. FTMS 1M 30 52 65 80 105 130 150 169
Pounds. {Typical) . _-Method 2065 -
Coefficient of Linear " ASTM D636 12 1.2 1.2 1.2 1.2 1.2 1.2 1.2
- Thermal Expan?ion. )
x10-4 Typica . _
cm°C
Thermal Stability ASTM D3895 2000 2000 2000 2000 2000 2000 2000 2000

130°C, 800 psi 0,

*Note: Alf values except when specified as minimum or maximum are typical test results.

These specifications are offered as a guidé for consideration to assist engineers with their specifications; howaver, Gundle assumes no liability in connection with the use of this information.

The specifications on this data sheet are subject to change without notice.
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@® - - = PRODUCT DESCRIPTION = s

JOINING SYSTEMS

Critical to the success of any flexible membrane liner is the joihing ;ystem. Gundle's Hot-Wedge
Welding System and patented Extrusion Welding System are used to join individual panels of
GUNDLINE HD. Request your copy of the Gundle Joining Systems Bulletin for complete details.

CHEMICAL RESISTANCE

GUNDLINE HD is resistant to a wide range of chemicals including acids, alkalis, salts, alcohols,
amines, oils, and other hydrocarbons. Since combinations of chemicals of different concentrations
and temperatures have different characteristics, consult Gundle for specific application details.
Write for Gundle’s chemical compatibility information.

SUPPLY SPECIFICATIONS

The following describes typical roll dimensions for GUNDLINE HD.

THICKNESS. .. LENGTH ROLL WEIGHT
mif mm ft m ft m 2 m? ib kg
30 075 225 6.86 840 256 18,900 1756 2800 1272
40 1.0 225  6.86 650 198 14,625 1359 2800 1272
50 1.25 225 6.86 500 152 11,250 1043 2800 1272
. 60 15 225 6.86 420 128 9,450 878 2800 1272
80 20 225 686 320 98 7,200 670 2800 1272
100 25 225 6.86 250 76 5625 522 2800 1272
120 30 225  6.86 210 64 4,725 439 2800 1272
140 35 225 6.86 180 55 4,050 377 2800 1272

GUNDLINE HD is rolled on 6” .D. hollow cores.
- “Each roll is provided with 2 slings to ajd handling on sne
Dimensions and weights are approximate. Custom lengths available on request.

Gundle Lining Systems Inc

L

BRI
Gundle Lining Systems Inc  Phone: (713) 443-8564
19103 Gundle Road Toll Free: (800) 435-2008
Houston, Texas 77073 Telex: 4620281 Gundie Hou
U.S.A Fax: (713) 875-6010

o AR313127
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Gundle Lining Systems Inc

GCundle

The Gundle

Hot Wedge Weld:
Effective And
Efficient

Gundie's new generation hot
wedge welders add versatility,
speed and perfoermance fo Gundle's
seaming capabilities. Together with
the patented “mixing tip” fillet
extrusion welders, Gundle offers
the most advanced systems
available today.

The Gundie hot wedge welder
offers a number of important
advantages over traditional seam-
ing methods. As the welder propels
itself along the sheets it draws a hot
wedge between them. The heated
sheets are then ted between a set
of pressure rollers, creating a dual
track seam. The Gundle hot wedge
welder automatically adjusts the
roiler gap and wedge position to
accommaodate different sheet thick-
nesses. An air blower, mounted on’
the welder, directs a stream of air
ahead of the path of the wedge to
blow away dust particles. This air
can be heated to dry or preheat the
sheet during extreme cold. The
Gundle welder also positions the
wedge accurately at the edge
of the top sheet for ease of non-
destructive seam testing.

These features enable the
Gundle hot wedge to weid sheets
frorn 20 mil to 140 mil at speeds
of up to 15 feet per minute. The
welder has enough power to weld
vertical seams, and yet, with its
modern materials and innovative
design, is 40% lighter than other
welders, reducing operator fatigue
and errors. Using appropriate

TYPICAL WEDGE WELD DETAIL

(not to scale)

GUNDLINE HD LINER
TOP SHEET

TYPICAL EXTRUSION WELD DETAIL
{notto scale)

NOTE:

2. Extrusion Weld Sy

for patt p

WELD TRACKS

1. Wedge Weld System will be the primary seaming method.
hes, [ lon, repairs and details.

WEDGE WELD WVOID FOR
AlR PRESSURE TESTING

TACK WELD

GUNDLINE HD LINER
BOTTOM SHEET

temperature and speed settings,
the hot wedge welded seams pro-
vide excellent results in peel and
shear destructive tests.

The Gundie hot wedge welder is
a precision-machined assembly in
which all drive components are
totally enclosed and sealed from
site dirt. This compact machine
hardly lifts the upper sheet, which
minimizes the formation of “fish
mouths.” Fish mouths are often
caused by butkier welding
magchines which stretch the top

sheet. These features, together
with automatically controlied tem-
perature and speed, resultin
extremely consistent welds while
reducing operator adjustments to
an absolute minimum.

Since fillet extrusion welding is
always necessary at penetrations
and when patching, Gundle’'s
hat wedge welder used alongside
Gundle’s patented extrusion welder
with mixing action provides Gundle
customers with the finest combina-
tion of welding technology available.

The Gundle Extrusion Weld:
Improved Heat Transfer For Top
Quality Extrusion Welding

Gundle Lining Systems’ patented
extrusionweld providesthe combina-
tion of heating, extrudate deposition,
and mixing action that results in a
truly homogeneous bond between
liner sheets.

Gundle’s special extrusion weld-
ing gun stirs the molten extrudate
against and into the liner.

This mixing action greatly improves
heat transfer and biends the extru-
date bead into both sheets, creating
a homogeneous weld. The result is
afully integrated connection through
the seam. Since there is a contin-
uous connection through the seam,
and because the exiruded bead is

as thick as the liner sheet, the

resulting seam is as strong as the
sheet itself. Due to the extremely
efficient heat transfer of Gundle's
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patented mixing action, installa-
tions welded at 15°F have provided

the same high quality test results as

installations welded at 70°F.

The Gundle extrusion welder
extrudes the identical polymer mix
from which Gundline® HD sheet is
made. The high guality pipe grade
HDPE extruded to form the seam,
therefore, has the same excellent
resistance to a wide range of waste
solutions. These include metal
hydroxides, salts, acids, alkalis, oils,
and hydrocarbon solvents including
most chiorinated hydrocarbons
(along with many other chemicals).
The extrusion weld system must be
used for patches, penetrations,
repairs, and detail work.

Both the Gundline extrusion weld
and the Gundle hot wedge weld
result in a truly homogeneous
bond between the liner sheets.
Therefore, there is no interface
between the sheets which could be
disrupted by absorbed solvents.
Both Gundle seams offer the same
chemical resistance as Gundie
sheets and both can be used with
Gundline HD, Gundline® HDT,
Gundline VL, and Spectraline.

Destructive
Testing At The Lab
And On-Site

All Gundle seams are subjected
to destructive testing. Samples cut
from site welds are tested in the
laboratory according to ASTM
D638 (shear test) and ASTM D413
(peel test). These tests prove the
quality of the Gundle welds.

Shear testing applies a tensile
stress from the top sheet through
the weld and into the bottom sheet.
Peel testing peels the overlapped
edge of the bottom sheet away
from the top sheet in order to
observe if separation occurs.

The peel test indicates whether
or not the sheets are continuously
and homogeneously welded

at the seam.

The important criterion in the
peel test is that the test sample
demonstrates what is called a Film
Tear Bond (FTB). This means that
as the weld is tested, the upper or

SEAM AIR PRESSURE TEST
FOR HOT WEDGE WELD
(not to scala) J2) VISE GRIP CLAMPS
D TO STEEL BAR

K

PRESSURE
GAUGH

lower sheat (film or liner) separates
by tearing, as opposed to a separa-
tion between the top surface and
bottom surface of the seam itself.

A Film Tear Bond test result

means the seam is good; a fully
integrated weld.

Weld samples are sent by
Express Maii to Gundle's laboratory
in Houston from project sites. The
Gundle Lab provides 24-hour turn-
around for results on destructive
test samples.

Gundle regularly conducts
destructive seam tests at the jobsite
too. This is to properly set welding
conditions prior to start-up each
morning and after work each work
break, as well as to augment the
official Gundie Lab testing of
destructive seam samples.

Non Destructive
Air Pressure
Testing

The standard procedure for
Gundle installations is to test 100%
of the seam footage for leaks. With
the Gundle hot wedge welder, non-
destructive testing is made more
efficient by air pressure testing of
the gap between the "dual" wedge
weld tracks on all welds 30 mils and

Gundle Lining Systems Inc

Gundle

19103 Gundle Road
Houston, Texas 77073 U.S.A.
Phone: (713) 443-8564
Toll Free: (800) 435-2008
Telex: 166657 GundleHou
Fax: (713) 875-6010

7 GUNDLINE HD LINER

/

AlR CHAMEBER

OPPOSITE END

| SEALEDBYA
~ . HOTARWELD

WELD TRACKS

greater. A single weld track is used
on 20 mil, and an air lance or probe
is used for non-destructive testing.
The gap is pressurized by air
injected through a needle inserted
into the gap between weld tracks.
Possible leaks are indicated by a
loss of pressure over 5 minutes
after the gap has been pressurized
by a hand pump, and sealed by a
valve. Very long sections of seam
(up to 500 ft.) can be quickly tested
for leaks, resulting in very efficient
installation QC. Note that aftera
seam has passed a pressure test,
pressure is released at the seam
end opposite the pump/gauge
assembly. This ensures that the
seam is continuous and has been
100% tested.

Non Destructive
Vacuum-Box
Testing

Where air pressure testing is not
applicable, Gundle technicians use
a vacuum chamber to test 100% of
the seamed footage. This test also
confirms that no leaks are present
in the seams. To perform a vacuum
test, a soap solution is sprayed on
top of the seam. Then a rectan-
gular plexiglass-faced vacuum box
is placed on the seam and a
5 psi vacuum is pulled in the box.

Visiual inspection of Gundle
extrusion welds, which are on top
of the sheet, is also an important
part of quality controt on all
Gundle instaliations.

*Gundle Lining Systems Inc 20MRPH0592-22254
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APPENDIX 11G

PHYSICAL AND CHEMICAL PROPERTIES OF
COMPOSITE (HDPE AND BENTONITE) LINER
MATERIALS '

From: _

Gundle Lining Systems, Inc.

Gundseal Specifications

(Note: Gundseal is a trade name of a composite HDPE and
bentonite composite liner system manufactured by Gundle
Lining Systems, Inc.
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@ AnAdded Barrier
Of Protection
From Gundie:
High Performance
HDPE/Bentonite
Composite
Landfill Liner

As concern for our environment
continues to grow worldwide, the de-
mand for refliable synthetic landfill
linersis escalating. More than ever,
legislation mandates these lining
systerns, and often requires double
lining solutions. |

Responding to state-of-the-art
engineering strategy of designing
liner systems which combine syn-
thetic and clay layers, Gundle offers
GUNDSEAL. Gundseal is a bentonite
clay/polyethylene composite liner for
one step deployment (usually as an
addition to a conventional single or
doubie liner system). Gundseal is
made by attaching the highest quality
sadium bentonite to the highest qual-
ity synihetic liner using a patented

nontoxic adhesive application system.

This forms a single composite liner,
which takes advantage of the comple-
mentary behavior of the synthetic
: liner together with the bentonite clay,
t and forms a complete barrier.
Swelling to several times its original
| volume when wet, the bentonite layer
in Gundseal is able to seal potential
i leaks in a synthetic liner under con-
: fining pressures as low as 27 psf.
{n a single composite liner

GUNDSEAL. Vs,

17Y>-ft. wide Gundseal rolis wrapped for shipment rrom our Spearﬂsh South Dakota plant,

application, the bentonite side is
deployed face up. The primary liner
is then installed on top and in direct
contact with the bentonite. Any possi-
ble leakage becomes biocked by the
bentonite layer with 10"°cm/sec
k-value followed by a polyethylene
membrane with 10'%cm/sec effective
k-value. This means tremendous

insurance is built into the liner system.

Using Gundseal, double compos-
ite liner systems can be constructed
without having to compact soil on top
of synthetic layers. The addition of a
Gundseal blanket (bentonite face up)
under a primary liner and above the
drainage fayer will add factors of
safety in eliminating fluids in the leak
detection zone. This is very attractive
in light of EPA's new Response Action

Plan (RAP} for leak detection systems.

Desiccation/weathering problems
in standard clay caps can be solved
by constructing a much less

OTHER CLAY COMPOSITES

Leachate Fiow Through

Leachate

Bentonite Clay

?ius Gundseal

Bentonite Seals Primary
Liner At Penetration

Accigental Perforation

Fabric
Coated
Bentonite

f;f.bnc Layer Wicks Liguid
Wide Seepage Araa

R _.....___.\_..._,__, S —

permeable, weathering- and ,
settiement - resistant composite liner
closure with Gundseal. In this case,
the bentonite side of the Gundseal is
deployed face down and dry against
fine grained, compacted soils. The
bentonite must be protected if the
Gundseal is to be placed bentonite
side down over coarse grained soils.
These are but two of the potential
applications for Gundseal.

Compared with fabric coated
bentonite blankets, Gundseal will not
shrink after getting wet because,
unlike fabric, the membrane cannot be
flexed by bentonite. And there is no
fabric to transmit fluids laterally over a
wide area when a Gundseal bentonite
blanket is used. With Gundseal,
moijsture is confined to a point, not
distributed over a broad area. In
contrast to many fabric-coated
bentonite blankets, Gundseal packs
very fine mesh bentonite particlesin a
dense layer. There are few agglo-
merates or areas of loose particles.

Gundseal HDT

Textured Gundseal combines
Gundline® HDT textured high
density polyethylene sheet with the
high quality fine mesh grade
bentonite.

Textured Gundseal provides
excellent slope stability due 1o the
textured surface of Gundline HDT.
Textured surface of Gundseal is
therefore ideal for steeper slopes.

AR3IBI3




GUNDSEAL HDPE/BENTONITE COMPOSITE LINER

Stan dard Construct:on

20 mi

. Membrane Backing T Gundiine HD Membrane . .
Coating , ~_____ Sodium Benfonite . .. . . Y o ’
Roll Width e o - e W . e ey pop ol e - 1716100, (5.3 m) _ .
Roll Length s e : Lo oo, R00fL(6OM)
Roll Weight 3950 Ibs. o

* Other Gundie Tiner products and different coatmg we:ghis available for specxal non- stahdard orders.

Tyblcal Propert:es

\ L - . L v L L - o T,

TIb/R2
“No Measurabie Leakage
27X 107 cm/sec
.. 3.7x 107 cm/sec

Bentonite Loadmg

Effective Hydrauilic Conducnvuty (Gundseal)
Coefficient of Permeability (Membrane)', ASTM £36
Hydraulic Conductivity (Bentonite)?

Resistance to Hydrostatic Head® - ~ Tested to 150 fl. Head

(Ft. of water), ASTM D751 . e v g me zne. . NOFallure e e -
Resistance 10 Water Migration . No Measurable Leakage Comm
~ Through Overlap* . . b b o et e s e L ]
Resistance 1o Water Migration ' ! Tested o 50T Head

Under Membrane® ) . i  No Measurable Leakage

~WetDry Cycles, ASTM D550 ' - ' NG Effect ] T

Freeze/Thaw Cycles, ASTM D559 _ L e . Q!p;Eff ect

Pliability: 180" bend over — - 10,000 cyc.
1" mandrel @ -25°F, ASTM D146 | - - - No Failure

LT AR RV N S i vk

TYPICAL PROPERTIES OF

GUNDLINE HD 20 MIL.

(Used As Membrane For Gundseal) (Used As (,oatlng For Gundseal)
o e eeiza: ek S s o S P ey e - LR
Puncture Resistance, FTMS 101 Method 2065 22 Ibs Percent Mentmorillonite _ . 80 -00% . L
. Tear Resistance, ASTM D1004 - 15 |bS ...Silieo ilicon, Dioxide (Si0,) .. . . .55-64% .
Dimensional Stabifity, ASTMD1204 ~ *2% .. . .Alyminum Oxide (Al 03) ] 16-22% )
Tensile Strength, ASTM D638, . o “Farric Oxide (Fe 0,) 3-6%
yield 2300 psi '~ Sodium Oxide (Na,0) 3% } ’
break e o A000PSI Magnesa(Mg®) 4% o
Tenslle Elongation, ASTM D638 ' ' T Lime(Ca0) _ , “13% o
yield 13% Miscellaneous . - 1-5% T
treak .o, 700%. .. s WalerContent . . . 5-10% e
Resistance to Soil Burial, ASTM D3083 L . ... BukDensity ] 77 lofft.?
Tensile strength @ yield and break C £10% . __bry Particle S:ze ] 20-50 mesh e
Elongation @ yield and break . 0% Swell . # ~ ..20-28 mlf2 gm '
Environmental Stress Crack, ASTM D1693 .o 1s00 hrs e e 1w v w e

1. Darcy's Law Coefficient of permaability for membrane calculated from moisture vapor transmlssmn data (ASTM E96). ]
2, A 2-1/2" diameter sample was placed in a permeameter form 5 days water soakmg Permeablhty determmed in a 15 hour tlrne frame with
a 15' falling head permeameter, -
3. Membrane applied to perous stone and placed in permeameter. Pressure mcreased to equivalent of 150 ft. water head.
4. Two samples placed one against the other clamped between two half cyclinders of lucite and placed in a flexible wall permeameter for 25
days. Also, standing 2 ft. head of water over an 8 h long 3 in. overlap Gundseal seam for 5 months at U. of Texas Austin, had no
measurable leakage. - -
5. A 1" diameter hole was cut in the middle of a3 1/2" dlameter sample. Sample clamped in 3 dlameter permeameter, 150 f. of head

applied. =
Gundle Lining Systems Inc
= e
B T B U
EDCT R A A
e SN A 1.
S 70 B - 2
19103 Gundie Road
. GUNDSEAL is rofled on 6° 1.D. hollow cores, Eachrollis - Houston, Texas 77073 U.S.A. _ These speifications are to b used only as a general guideline
provided with 2 slings to aid handling on site. Dimensions and Phone: (71 3) 443-8564 by engineers in formulating preliminary specifications, and
welghts are approximale. Rolis are stretch-wrapped to keep : u should not be reiied upon absant site-specific product testing;
dry. Each roll has an overall sheet thickness of 0.125" (3 mm). Toli Free (800) 435-2008 Gundia assumes no responsibility for the Improper ralfance upon
Gundseal adhesive is non-toxic and non-poliuting. Telex: 166657 GundleHou or misuse of such data. In addition, product dasign and

Fax (713) 875- 6010 specifications are subject to change without notice.
ey TTTTTTTTTAR3 13132
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GUNDSEAL - GEOSYNTHETIC CLAY LINER

*ROLL OUT THE CLAY"

Gundseal is a geosynthetic clay liner consisting of bentonite clay and polyethylene
sheet (Fig. 1). Attached to the membrane backing is one pound per square foot of
high quality sodium bentonite. This composite design lets the contractor
conveniently "roll out" a blanket of clay that can competitively replace or

supplement compacted clay liner requirements. (Fig 2).

GUNDSEAL

A. Bentonite
B. HDPE.

Self Sealing Composite Geomembrane (Gundseal).

(Fig 1)
CLAY LINER COMPOSITE LINER
Pri
Leachate Lsachate Smc
IR L B 5 Liner
Ciay Liner %mﬂ
L_
Area of Seepage = - Worst Case: Area of Seepage <<<
Area of Entire Liner Area of Entire Liner

(Fig2) AR313133
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THE UNIQUE STRUCTURE OF BENTONITE

Bentonite clay consists of tightly packed ionically charged platelets. Within and
between these platelets there is separation of positiire and negative charges. Polar
molecules, such as water molecules, are attracted by and interact with the positive
and negative charges in this unique clay structure.  When they come into contact
with Gundseal, polar water molecules wedge their way between the bentonite
platelets, causing the platelets to separate and swell apart (Fig 3). This swelling

gives hydrated bentonite an .extremely low permeability. The hydrated

Ll

Platelet

CTHETT

(Fig3)
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bentonite platelets form an almost impenetrable maze, which limits possible fluid
migration (Fig 4). Hydrated bentonite in Gundseal achieves this very low
permeability under a confining pressure of only 27 pounds per square foot

(equivalent to four inches of sand cover).
FACTORY-CONTROLLED VS, FIELD COMPACTION

Gundseal offers numerous advantages over standard, field-compacted soil liners.
Gundseal blankets are installed dry, eliminating the problem of soil liner
dessication. Heavy equipment required for grading and compaction of clay liners is

eliminated by simply unrolling Gundseal. (Fig. 5)

Furthermore, Gundseal does not require complicated, difficult to construct, soil test

pads to verify field permeabilities. Much better quality control is available

~—— Polyethyiene

-——t—— Activated Bentonite

Platelets

in Water (Ho0)
—a— Shase—
. -k - . - 3 . . ¥ ___§ 3 ] .
ECICECIES E—— mesmmm-——— Bontonite Platelets

~—— Polyethylene

ig4 Gundseal

(Fig 4) Bentonite/Synthetic
Compacted Soil “Equivalent Barrier”
Can Desiccate Goes In Dry
Constructed with Light Equipment
Heavy Equipment Can Be Used
Requires Test Pad Repeated Field
for Hazardous Waste Testing Not Needed
Thickness Less Permeable .

AR3 13135
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with Gundseal than that achieved in construction of soil liners. The reason for this is
that Gundseal is produced in a controlled factory environment and is not subjected
to field variation (material consistency, weather, etc.) which can affect soil liners. In
addition, Gundseal's extremely low permeability makes up for its lack of thickness.
The bentonite component of Gundseai alone has a Darcy’'s Law permeability
coefficient of 3.7 X 1010 cm/sec. Traditional compacted clay liners do well to obtain
1 X 107 cm/sec. In fact, the amount of Darcy's Law flow through Gundseal's
bentonite layer is equivalent to the flow through three feet of compacted clay with a
permeability of 1 x 10”7 cm/sec. This comparison does not take into account the
extremely low permeability of the polyethylene component of Gundseal (effective
permeability of 3 X 105 cm/sec.).

SEALING AN ACCIDENTAL BREACH

Should there be an accidental breach in the upper synthetic component of a
composite liner system, the high quality bentonite in Gundseal will be wetted, swell
into the breach, and seal the breach (Fig 6). This seal is extremely

NO LATERAL MOVEMENT OF WATER

e ;guy?ﬂrﬁg .
. M&L-aﬁig“hi

.
il

(Fig 6)
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effective since there is no fabric coating, as is the case with other prefabricated

bentonite clay blankets. These fabric coverings prevent development of "intimate
contact” between the bentonite and the synthetic liner. The fabric encasement of
other bentonite blankets also acts to "wick" the fluids and transmit these fluids
over a wide area underneath the mefnbrane (Fig 7). Placing Gundseal over
(bentonite face down) or under (bentonite face up) another sheet of membrane
protects the bentonite layer from fluids because a synthetic liner is on both top and
bottom sides (Fig 8). Therefore the bulk of the bentcnite always remains dry
because fluid cannot reach it.

GUNDSEAL VS. OTHER CLAY COMPQSITES;
Laac_ha!e.Flow Thro;og‘l"l
Le\acrf}w Accidential Perforal \ ]

No Lateral
Wicking

Bentonite Clay

Plus
HDFE Liner
N

- Bwelling Of Bentonite Seals Primary - Fabtic Layer Wicks Liquid Cver
Liner At Penetration Wide Seepage Area
- Bentonite Protectad From Leachate - Benlonite Exposed 10 Leactiate
On Both Top And Botlom Sides from Top and Bottom Sides
(Fig 7)

USING GUNDSEAL

a—  eme=  Geotextile

; ; i‘ ; ; X X Gundnet XL-14

Gundiline HD

"fq, Gundseal

XX | X ><>< X X Gundnet XL-14

Gundline HD

Clay Subgrade
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SEAMS

An overlapped Gundseal seam provides exceptional protection. The only possible
path a fluid can take through a Gundseal blanket is through the overlapped seam.
As with any breach, contact witha polai fluid will initiate the swelling action of the‘
bentonite and the adhesion of intimate contact with the overlapped HDPE backing.
The result is a much thicker layer of bentonite through which the fluid must pass
before breaching the liner (Fig 9), than for fabric encapsulated bentonite blankets.

The product design virtually eliminates liquids from appearing in a leak detection
system underneath a membrane/Gundseal composite liner.  This has been

confirmed by long term standing-head permeation tests described Iater.

A
1/4"

(Fig9)
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An HDPE primary liner can be seamed together directly on top of the bentonite
face of Gundseal. In this way the bentonite is completely encapsulated, protecting it

from a subterranean source of moisture.

A similar configuration can be achieved by placing Gundseal over top of a welded
HDPE liner. Gundseal seams can be simply overlapped or extrusion welded.

UNIVERSITY OF TEXAS TESTS

A very interesting ‘series of tests to determine pérmeation rates through bentonite
blankets has been conducted at the University of Texas at Austin, under the
direction of Dr. David Daniel. In these tests, a number of eight foot by four foot
tanks were constructed with drain holes in the middle of each tank (Fig 10).

Various  bentonite  blankets were placed over fluid drainage

12.7mm Dia Steel Tank
Drain Hole

914mm
(3 F1)

AN
‘fﬂ'{}"‘\, 2438mm (8 F)

Waler e
[ \ M Gundseal
Gravel —-\ N ; = s/ (HCPE/Bentonile)
Bentonite
Edge Seal Colisction
Container
{Zoro Laakage
in § mth Test)
Drainage Layer
(Geonst/Gadtextile)

Schematic Diagram of Test to Measure-Leakage through
Gundseal and Gundseal Overlap Seams
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systems in the bottom of these tanks. The drainage systems were set to collect any
migration of liquids through the blankets. The bentonite blankets were placed in
the tanks in two ways 1) as a single unit, and, 2) as two units with an overlapped
seam down the middle of the tank. The edges 6f the blankets were sealed with
bentonite. The total test system in each tank consisted of a drainage layer overlain
by a bentonite blanket, followed by a one foot soil cover and then a standing head of
liquid of about two feet, as illustrated. During the six month test period, the
amount of fluid flowing into the drainage systems was monitored through the hole

in the bottom of each tank.

The fluid detection system in the tanks containing Gundseal did not reveal any
fluid movement through the Gundseal. There was absolutely zero leakage. In fact,
when the bentonite blankets were uncovered, only a small amount of bentonite

was noted to have hydrated along the edges and at the coverlapped seam. (Fig 11).

GUNDSEAL

® No Seepage through Tanks with Gundseal Bentonite Blanket
e Bulk of Bentonite @emalned Dry

¢ Extent of Hydration only 3-4 inches from Exposed Euges
Into Bentonite

(Fig 11)
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While the bulk of the bentonite in Gundseal remained dry, the fabric encased

bentonite blankets were completely hydrated. In another test, Gundseal was placed

in a tank with the bentonite side facing upward. An HDPE geomembrane with
holes and slits cut into it was placed on top of the Gundseal. Gravel and water were
placed over the Gundseal-geomembrane liner system as described previously. The
purpose of this test was to investigate the effectiveness of Gundseal when used in
conjunction with a worst-case synthetic liner. After five months, the water and
HDPE synthetic liner were removed to expose the Gundseal. Inspection of the
Gundseal revealed tﬂat the water had moved outward fromi the defects and into the
bentonite about three inches. Once again, the bulk of the bentonite remained dry

under the standing head of liguid.

These tests demonstrated that "intimate contact” developed between the bentonite
and an overlying HDPE geomembrane. In addition, these tests demonstrated the
. effectiveness of the overlapped seam (Fig 12). Such intimate contact does not

develop between a gemembrane and a fabric encased bentonite blanket.

Gundséal
Overlap

l‘ y ’I 75 - 150mm (3-6 Ins)

Fig 12 AR3131LI




COMPOSITE LINER SYSTEMS

Because composite liner systems are the state-of-the-art in liner system design, the
engineering community is experiencing, world-wide, a movement toward designing
with synthetic/soil composite systems. Gundseal can supplement or replace soil

liner requirements in these systems.

Many states are requiring double composite liner system for municipal waste
containment (Fig 13). One problem in this approach is that  proper clay

compaction is difficult without potentially damaging the lower geosynthetic

New York DEC
Double Composite Liner
Waste

Primary Leachate Collection
and Removal System (LCRS)

L Geomembrane

Primary Compacted Soil
Compaosite {Oniy for Bottom of Unit -
Liner Omitted on Side Siopes)
Secondary LCRS
(May Use Geosynthetic)
Secondary Geomembrane
Composite
Liner Compacted Soil

(Fig 13)
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components. One way to reduce potential damage to the iower geomembrane is to
use Gundseal in place of the intermediate layer of clay. In this way a composite
type of liner system can still be constructed without the passibility of damaging the
lower HDPE liner.

CLOSURES

Gundseal is not only available in conjunction with geomembranes for composite
liner systems with tﬁe bentonite installed face up or face down. It can also
supplement clay by itself in cap systems with the bentonite component facing down
(Fig 14). In this case, a synthetic/ clay composite system is deployed in one single
step. The material can be held in anchor trenches so that slope stability is assured,

and can be either overlapped or heat seamed with Gundle's extrusion welder.

Anchor
Trenches

Possible Landfill Cap Sealing Systems Using
Gundseal

(Fig 14) | AR3 {3143




T e e Sm ek WS ed SRR TR el . . . e B R R S e e D

GUNDSEAL MEMBRANE BACKING ALTERNATIVES

The product information sheet included in the Product Specification Section of this
manual provides the properties for the 20 mil high density polyethylene liner that usually
forms the membrane bacl.dng in the fabrication of Gundseal. However, Gundseal can also
be fabricated on thicker high density polyethylene sheets. In addition to high density
polyethylene, Gundseal can also be fabricated on very low density polyethylene membrane.
Textured versions of the HDPE Gundseal and the VLDPE Gundseal are also offered by
Gundle Lining Systems. The minimum thickness for the smooth HDPE and VLDPE sheets
is 20 mils. The minimum thickness for the textured HDPE or VLDPE sheets is 40 mils.
Specifications for the various thicknesses and textures available for Gundseal are

provided in this section.
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GUNDLINE® HD is a high quality formulation of High Density Polyethylene containing approximately
97.5% polymer and 2.5% of ¢arben black, anti-oxidants and heat stabilizers. The product was designed
specitically for exposed conditions. It contains no additives or fillers which can leach out and cause
embrittlement over time. ) '

~~GUNDLINE® HD SPECIFICATIONS ==

30mil 40mil 50mil 60mil 80mil 100mil 120 mil 140 mil

(0.75mm)  (1.0mm) (L.25mm)  (L5mm}  20mm)  (25mm)  @O0mm)  @S5mm)
Density. g/ce. (Min.) ASTM D1505 0.94 094 .. 0.94 0.94 0.94 0.94 0.94 0.94
Melt Fiow Index. ASTM D1238 03 .. 03 0.3 03 0.3 0.3 0.3 0.3

g/10 min. (Max.)

Condition E (190°C, 2.16 kg.)

Tensile Properties

(Typical)”

1. Tensile Strength at Break
(Pounds/inch width)

2. Tensile Strength at Yield
(Pounds/inch width)

ASTM D 638 Type IV
Dumb-bell at 2 ipm.
120 160~ 200 240 320 400 480 560

70 95 115 14D 190 240 200 340

QOxidative Induction Time (OIT).
Minutes. {Min.}

3. Elongation at Break 700 700 700 700 700 700 700 700
{Percent) ‘
4. Elongation at Yield 13 13 13 13 13 13 13 13
. {Percent)
Tear Resistance Initiation. ASTM D1004 Die C 2 . 30 37 .45 95 65 80 95
Ibs. {Typical)
Low Temperature Brittleness. °F ASTM D746 Procedure B -112 ~112 -112 -112 -112 -112 -112 -112
(Typical)
Dimensional Stability. % Change ASTM D1204 =2 . x2 . x2 =2 +2 =2 =2 *2
Each direction. (Max.) 212°F 1 hr. g .
Resistance to Soil Burial. ASTM D3083 using
Percent change ASTM D638 Type IV
in original value. (Typical) Dumb-belt at 2 ipm.
Tensile Strength at Break % Change =10 =10 =10 =10 =10 +10 =10 =10
and Yietd ) .
Elongation at Break % Change =10 =10 =10 =10 =10 =10 =10 =10
and Yield
Environmentat Stress Crack, ASTM D1693 1500 1500 1500 15000~ 1500 1500 1500 1500
Hours. (Min.) {10% Igepal, 50°C)
Puncture Resistance. FTMS101 ' 30 52 65 80 105 130 150 169
Pounds. (Typical) Method 2065 . _ . .
Caefficient of Linear ASTM D898 . 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Thermal Expansion. - . : e .
x10-4 (Typical)
cm °C -
Thermal Stability ASTM 03895 . 2000 2000 2000 2000 2000 2000 2000 2000

130°C, 800 psi 0;

*Note: All values except when specified as minimum or maximum &re typical test results.

Thase spacifications are offared as a guide for considaration to assist enginears with thair specifications; howevar, Gundle assumas no liabilily in connaction with the use of thig information.

The specifications on this data sheet are subject 1o changa without notice.
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s PRODUCT DESCRIPTION mwnzssmrszsss

JOINING SYSTEMS

Critical to the success of any flexible membrane liner is the joining system. Gundle’s Hot-Wedge
Welding System and patented Extrusion Welding System are used to join individual panels of
GUNDLINE HD. Request your copy of the Gundie Joining Systems Bulletin for complete details.

CHEMICAL RESISTANCE

GUNDLINE HD is resistant to a wide range of chemicals including acids, alkalis, salts, alcohols,
amines, oils, and other hydrocarbons. Since combinations of chemicals of different concentrations
and temperatures have different characteristics, consult Gundle for specific application details.
Write for Gundle’s chemical compatibility information.

SUPPLY SPECIFICATIONS
The following describes typical roli dimensions for GUNDLINE HD.

THICKI\:IESS' WIDTH - LENGTH AREA ROLL WEIGHT
mil mm ft m ft m ft2 m? b kg
30 0.75 22.5 6.86 840 256 18,200 1756 2800 1272
40 1.0 22.5 6.86 650 198 14,625 1359 2800 1272
50 1.25 225 6.86 500 152 11,250 1043 2800 1272
60 1.5 225 6.86 420 128 8,450 878 2800 1272
80 20 22.5 6.86 320 a8 7.200 670 2800 1272
100 25 22.5 6.86 250 76 5,625 522 2800 1272
120 3.0 22.5 6.86 210 64 4,725 43¢ 2800 1272
140 35 22.5 6.86 180 55 4,050 377 2800 1272
THICKNESS' LENGTH
mil mm ft T m ft m ft2 m? . Ib kg
30 0.75 34.5 10.5° 840 256 28,980 2688 4400 2000
40 1.0 34.5 10.5 650 198 22,425 2079 4400 2000
50 1.25 © 345 10.5 500 162 - - 17,2560 1596 4400+ 2000
60 1.5 345 10.5 420 128 14,400 1344 4400 2000
80 20 345 10.5 320 98 11,040 1029 4400 2000
100 2.5 34.5 10.5 250 76 8,625 798 4400 2000

Gundle Lining Systems Inc
' i ®

-
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Gundle Lining Systems Inc  Phone: (713) 443-8564

19103 Gundle Road Toli Free: (800) 435-2008
Houston, Texas 77073 Telex; 4620281 Gundle Hou
U.S.A. Fax: (713) 875-6010

GUNDLINE HD is rolled on 6" 1.D. hollow cores. Each roli is provided with 2 slings to aid handiing on site.
Dimensions and weights are approximate. Custom lengths available on requast. a R 3 l 3 i L[. 6

®Gundle Lining Systems Inc.  zocsssr . ) R [, . Printed in the U.S.A.
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Gundline® VL
(VLDPE) Lining
System.

Now, there's g proven, cost-
effactive solution to flexibility
requirements in many of your liner
applications ... Gundie's Gundline®
VL Very Low Density Polyethylene
Liner (VLDPE). This high-
performance polyolefin {alsc known
as "FLEXOMER"} has exceptional
elastic properties. So, in
applications such as landfill caps,
tunnetl lining, and potable water
containment, where flexibility and
elongation are more important than

chemical resistance, Gundline VL is
ideal. Gundline VL also offers many
of the traditional advantages of
Gundline® HD liner such as UV light
stability; low temperature resisiance;
microorganism, insect, and rodent
resistance; 22.5-foot or 34.5 foot
seamless widths and effective heat-
seaming technigues.

The Alternative
Choice for Landfill
Caps and Closures

Landfill cap design usually pre-
sents unique problems, especially
potential differential settlement of
the landfill. Gundline VL, with its
excellent multiaxial elongation,
offers tremendous insurance against
problems due to settling. Clay liners,
on the other hand, are known to
lose much of their barrier properties
due o the absence of elasticity,
difficuities of proper compaction,
weathering, and root growth.

Not only does the lining have
excellent elasticity, but Gundline VL
also offers excellent.barrier proper-
ties to rainwater from outside the
landfill while acting as a collector of
gas from inside the [andfill. Be-
cause of its flexibility, Gundline VL
conforms very well to non-uniform
surfaces. It "hugs" these surfaces
tightly, providing good slope stability
and puncture resistance over the
closures.

|
A Gundline VL cap also pramotes
goad vegetative growth in the top-
soil cover of the closure by blocking
the seepage of landfill gas through
the vegetation. This enhances slope
stability even further and provides
better erosion control for the final
closure.

e e P S P,

Gundline® VL Liner
Compared to PVC.

TYPICAL ELONGATION AsT™ D838
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Polyvinyl Chloride (PVC) has
been used in applications where
flexibility is more impoertant than
chemical resistance. But the
material achieves its flexibility from
the addition of plasticizers. Present
in PVC liners at 30% weight or
more, plasticizers are low
molecular-weight compounds such
as monomeric fats.

These low molecular-weight
additives can leach out because of
heat, scil chemicals, and stresses in
the liner, causing the liner to
become brittie later on. Plasticizers
are aise food for rodents and
microarganisms.

Gundline VL, on the other hand,
contains no plasticizers. It achieves
all of its flexibility and elongation

from its inherent polymer structure.

The natural strength and durability
of polyethylene is combined with
exceptional flexibility and elongation

- in Gundline VL. Gundle's co-

extrusion technology can manu-
facture Gundiine VL in one color or
in layers of different colors. So go
with Gundle's Gundline VL and stay
with the leader.

AR3 13147
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GUNDLINE® VL (VLDPE) SPECIFICATIONS '

Gundline VL is a special formulation of very low density polyethylene containing approximately
97.5% polymer and 2.5% carbon black, anti-oxidants and heat stabilizers.

TYPICAL TEST

PROPERTIES* METHOD

0.5mm) — (0.75mm) (1.0 mm) (1.5mm) (2.0mm) (2.5mm)

1
{ ‘ 20mit  30mil  40mil  60mil  8Omil 100 mil
! Tensile Properties. (Typical)

)

1. Tensile Strength at Break ASTM D838 Type IV Dumb-bell 70 105 140 210 280 350

; {Pounds/inch widith) at2ipm, 2 inch gauge length,

; 2. Eiongation at Break {Percent) 2.5 Inch grip separation 900 800 0D 900 900 900

E Puncture Resistance. FTMS 101 Method 2065 38 51 54 72 86 88

; Pounds. (Typical)

] - - - - -

: Tear Resistance Initiation, ASTM D1004 Die C 8 12 16 24 32 40

t . Pounds. {Typicat)

: Dimensional Stability. % Change. ASTMD1204 +2 x2 *x2 =2 *2 +2

! Each Direction. (Max.) 212°F 1 hr. _ o

{ ——— - - -

; Low Temperature Brittleness.“F ~ ASTM D746M ) ) -112 ~112 -112  -112 -112 112

. {Typical) Procedure B

' Resistance to Soil Burial. ASTM D3083 Type IV Dumb-bell

. Percent change in original value. at2ipm

; (Typical) , :

' Tensile Strength at Break. - .. =10 +10 =10 +10 =10 +10

. Environmental Stress crack. ASTM D1693 10% igepal, 50°C 1500 1500 1500 1500 1500 1500

Hours. (Min.) )

*Note: All values, except when specified as minimum or maximurm, are typical test results.

SUPPLY SPECIFICATIONS
The faliowing describes typical roll dimension for Gundline VL
THICKNESS WIDTH LENGTH AREA ROLL WEIGHT
mil mm it. m ft. m 2 m? Ib. kg.
20 05 225 6.86 1250 381 28,125 2613 2800 1272
30 0.75 225 6.86 840 256 18,900 1756 2800 1272
40 1.0 225 ~ 686 650 198 T 714625 1359 2800 1272
60 1.5 225 6.86 420 128 9,450 878 2800 1272
80 2.0 225 6.86 320 98 7,200 670 2800 1272
100 25 225 6.86 250 76 5,625 522 2800 1272

: Gundlie Lining Systems Inc.
GUNDLINE VL is rolled on 8" .D. hollow - gy I ® These specifications are offered as a guide

cores. Each roll is provided with 2 slings TN ke s T el Er ponsid_;rat;pn tohassist en?aineg:'s with

H H R H : L e . 3 R T RS S elr specincations; however, Gundie assumes
lo aid handling on site. Dimensionsand  ~ _ %7, ! % 77 4 T T ng abilty in connection with the se of this
weights are approximate. Custom S A I B information, The specifications on this data
lengths available upon request. sheet are subject to change without notice.

g P . 19103 Gundle Road

Houston, Texas 77073 U.S.A.
. Phone: (713) 443-8564

Toll Free: (800) 435-2008
Telex: 166657 GundleHou
Fax: (713) 875-6010

e e AR3 (3 | 19
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Gundline® HDT
Maximizes Slope
Stability

Gundle Lining Systems has developed
a methaod for adding a rough texture to
the surface of aur durable High Density
Polyethylene (HDPE) liners. The resuit
is a high performance product cailed
Gundiine HDT which increases slope
stability in engineered landfilis and
other lining applications.

Gundiine HDT's special textured sur- )

face dramatically improves slope stabil-
ity by increasing friction between the
synthetic liner and soils, geotextiles,
and other geosynthetics. Cover soils
are held on the liner with the greatly
increased friction, and safety-conscious
engineers can improve factors of safety
on slopes of varying steepness. Table 1
lists the improvernents in friction angle
for Gundline HDT, determined by direct
shear box testing.

The innovative friction surface of
Gundline HDT is manufactured simul-
taneously with extrusion of the solid
barrier pertion of the liner as opposed
to being added after extrusion. t's a
rough surface, fully integrated with the
sheet during the molten phase of man-
ufacture. As a result, it has excellent
abrasion resistance and remains
intact regardless of chemicals con-
tacting the sheet surface.

FRICTION ANGLE {DEGHEES)

SLIDING SURFACE POLYETHYLENE TEXTURED
Gundline/H.R. Clay 16 24
Gundline/Ottawa Sand 17 26
Gundline/Geotextite (Nonwoven) 11 29

“Note: Friction angles for the products listed are typical only and may vary with locai soil con-
ditions. Accordingly, engineers must test friction angles for the product using site specific
soil composition for all designs incorporating the product.

Gundline HDT Retains The Important
Advantages Of Gundline® HD.

Manufactured in 22.5 foot wide seam-
less rolls and in thicknesses ranging
from 40-100 mils of barrier wali,
Gundline HOT features the same impor-
tant qualities that have made Gundiine
HD the world's leading lining system.
Tensile strength befare yielding, biaxial
elongation, tear resistance, puncture
resistance, uitraviolet light resistance,
chemicafl resistance, dimensional
stability, heat resistance, and stress
crack resistance are all excellent. So is
resistance to microorganisms and
rodent damage.

As with Gundline HD, Gundle manu-

factures Gundline HDT with only the top

performmg pipe grade HOPE resin. The
superior high grade resin creates an
ideal structure to the finished sheet.

Textured
Gundline® VLT

Gundline VLT combings the exceptional
elongation and elastic properties of
Gundiine® VL (Very Low Density
Polyethylene Liner) with a textured
surface to offer the outstanding friction
characteristics and siope stabilizing
qualities of Gundiine® HDT! The
combination makes the liner ideal for
landfill closures and other applications
where elongation, flexibility, and slope
stability are important. The excellent
multi-axial elongation of Gundline VL.T
accommuodates differential seftlement
while the textured surface provides long
term slope stability.

Gundline HDT
Provides Solutions
To Difficult

v e o S TR R iR W

R T s - 3

A racent problem at Islip, New York
illustrates the effectiveness of Gundline
HDT. it began when the city's municipai
landfill neared capacity. The problem
was then compounded by the lack of
available tand for expansion. But Gundle
provided the solution. After considering
all available options, it was decided to

- expand vertically—a process dubbed

*piggybacking.” A new cell would be
created to sit atop the existing closed
and capped landfill. However, it was
critical to establish slope stability for the
new, steep slopes of this 80-foot high
addition. So Gundle manufactured and
installed 1.2 million square feet of
Gundline HDT and successfuily in-
creased the friction angle between the
liner and the sand over sixty percent.
Today, not only does Islip have 1.8
million cubic yards of new refuse dis-
posal capacity, but they also have peace
of mind knowing it's lined with the
industry's most stable and durabie liner.

AR31314q
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| TYPICAL

PROPERTIES*
40 mil 60 mil 80 mil 100 mil
{1.0mm) (1.5 mm) (2.0 mm) (2.5)
Tensile Propesties i ASTM D638 Type IV '
(Typical} Dumb-bell at 2 ipm,
1. Tensile Strength at Break 2inch gauge length, 23 35 48 58
{Pounds/inch width) 2.5 inch grip separation .
2. Tensile Strength at Yield : : 126 168 210
(Pounds/inch width) E . -
3. Elongation at Break . 100 100 10¢ 100
{Percent) B . )
4. Elongation at Yield 13 13 13 13
{Percent) .
fear Resistance Initiation. ASTM D1004 Die C 30 45 60 75 .
‘ounds, (Typical)
Puncture Resistance. . -FTMS 11 45 70 g5 110
Pounds. (Typical) Method 2065 ,
{*Note: ANl values are typical test resulls.} !
SUPPLY SPECIFICATIONS :

The following describes typical rolt dimensions for Gundline HDT

NOMINAL. ‘ r
THICKNESS LENGTH : ROLL WEIGHT :

mil mm . T m ft. m o he m? Ib. kg.
40 1.0 225 6.86 500 152 11,250 1045 2780 126
60 1.5 225 686 . 420 128 . 9450 878 3270 1483 !
80 2.0 225 6.86 , 320 97 7,200 669 3200 1452
100 2.5 . 225. 6.86 250 76 5,625 522 30588 1386
GUNDLINE® VLT SHEET SPECIFICATIONS
TYPICAL TEST | GAUGE
PROPERTIES* METHOD | (NOMINAL)
30 mil 40 mil 60 mil 80 mil
7 (.75mm) " {(1.0mm) (1.5mm) (2.0 mm)
Tensile Properties ASTM D638 Type IV \
(Typical} , Dumb-bell at 2 ipm.
1. Tensile Strength at Break 45 55 70 85
(Pounds/inch width)
2. Elongation at Break 300 .- 300 300 300
(Percent)
Tear Resistance initiation ASTM D1004 Die C 12 T 24 30
Pounds. (Typical)
Puncture Resistance FTMS 101 26 : ..38 57 S m
Pounds. (Typical) Method 2065 co-
Multi-Axial Elongation GR1-GM4 75 75 75 75
{"Note: All values are typical test resulls.)
SUPPLY SPECIFICATIONS
The following describes typical roll dimensions for Gundiine VLT
NOMINAL
THICKN‘ESS‘: WIDTH | LENGTH AREA ROLL WEIGHT
mil mr ft. .om ft. m ft.2 m? Ib. kg.
a0 0.75 225 .86 . 840 © 256 _. 18900 1756 2141 971
40 1.0 225 686 500 . 182 . 11,250 1048 2676 1214
60 1.5 - . 225 6.86 L. A2D 128 | . 9450 . 878 3147 1407
80 2.0 22.5 6.86 320 97 7,200 669 3083 1398
Gundle Lining Systems Inc.
SN ‘ i q ®
GUNDLINE HDT and GUNDLINE VLT SR =N Aniad s These specifications are to be used only as
are roiled on 6" 1.D. holiow cores. Each B IR B CV A Y a general guideline for use by engineers
. . R ) . Tl e s e et - = in formulating prefiminary specifications,
roll is provided with 2 slings to aid - and should not be relied upon absent site-
handling on site. Dimensions and 19103 Gundle Road specific product testing; and Gundie
weights are approximate. Custom Houston, Texas 77073 U.S.A. aslf-iumes no rESDOIjS'bﬂiIfoOf tf;\e dt":prt:pef
; . _ reliance upon or misuse of such data. In
lengths available upon request. Phone: '(71 3) 443-6564 addition, product design and specifications
Toll Free: (800) 435-2008 are subject to change without notice,

Tetex: 166657 GundleHou )
Fax:(713) 8756010 - -
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TECHNICAL REVIEW OF
[ ] BENTONITE COATINGS

A, Formation

In the earth’s past, the raw power of nature relentlessly shaped the planet with
violent volcanic eruptions splitting the earth’s crust. Molten lava poured across the
land and tons of hot ash and gas spewed into the atmosphere,

This ash gradually settled to the earth’s surface. In some instances, the ash settled
into shallow, salt water seas. Tectonic activity uplifted an area now called the Black
Hills. Weathering of this ash ]froduced a high swelling clay that is commercially
mined for its unique properties.

This special clay outcrops near Ft. Benton, Wyoming and was first studied in 1896.
"Bentonite" is available in economically recoverable guantities, in Wyoming and to
a lesser extent in South Dakota and Montana. Wyoming bentonite is typically
composed of sodium montmorillonite, feldspar, quartz, and calcite. Bentonite’s
unique properties are provided by the principle constituent, sodium
montmorillonite. The highest quality bentonites contain high percentages of
sodium montmorillonite.  The most significant characteristics of sodium
montmorillonite are: '

. 0 An ability to expand and contract as water is absorbed and expelled
0 This expansion and contraction can occur an infinite number of times
0 ‘An ability to swell 10 to 20 times its original volume
0 An ability to absorb up to five times its weight in water
0 Since it is totally inorganic, it does not break down with time, and

0 In t}ncknesses of 3/16 to 3/8 inch, it has a hydrauhc conductivity of
1 x 101% centimeters per second (cps).

These characteristics are unique to high grade sodium bentonites and
cannot be obtained by caicium bentomtes or "beneficiated" calcium
bentonites.

B. Chemical Composition

Compositionally sodium montmorillonite is mostly 8i0,. The critical components
to quality montmorillonite are percent sodium oxide (Nay0), Lime (CaQ), and
water (H,0). The most active, thereby highest quahty, monlmonllomtes are:

o Greater than 2.0% NaZO

. o Less than 1.0% Ca0O

0 Five to 10% water (processed material)

AR3 13151




Typical chemical composition of the bentonite is provided below:

Mineral Percent
- Silicon Dioxide (8i0;) 63
Aluminum Oxide (Al;03) 18
Ferric Oxide (Fe,03) 3
Sodium Oxide (Na,0) ' 2

Magnesium Oxide (MgO) 2
Lime (Ca0) 1
Miscellaneous 1.5

Water Content 5-10 percent
(processed material) :

Reaction With Polar Fluids

Individual clay platelets are flat, about 100-500 times larger in width and length as
compared to thickness. One cubic inch of bentonite clay contains almost 10 trillion
individual platelets. Laid side by side, these platelets will have a total surface area
of about one square acre. Imagine a one-inch square sheet of paper; this small
piece of paper would represent a bentonite flake magnified 400 times.

Researchers have extensively studied the molecular structure of bentonite clays.
The crystal structure of montmorillonite is illustrated in Figure 1. The
montmorillonite plates consist of three layer units arranged randomly above one
another in loosely aggregated stacks. Each tetrahedron consists of four oxygen
atoms surrounding a silicon atom. Each octahedron consists of six hydroxyls
usually surrounding an aluminum atom (called a gibbsite sheet) or occasionally a
magnesium atom (called a brucite sheet). For each three layer unit, one aluminum
((l)1r magnesium) octahedral sheet is sandwiched between two silicate tetrahedral
sheet.

By virtue of their formation, via a process called "isomorphous substitution”, all
clay minerals carry a net negative charge on their aurface. The surface activity for
montmorillonite measures as 360 to 500 x 102 (number of positive charges
adsorbed per 100 gm soil).

It is this tremendous quantity of negative charges that causes the unique reaction of
sodium bentonite with water. The hydration of clay particles with water involves at
least three different mechanisms:

1. Dipole water effects occur because the water molecule is unbalanced in a
positive-negative sense. Therefore, the positive (hydrogen) side of the water
molecule will be attracted to the negatively charged surfaces of the clay
particles. This very strong attraction can extend for many molecules away
from the surface of the clay and into the saturated voids of the soil.

2, Nonhvydrated cations in the void liguid will also be attracted to the

negatively charged surfaces of the clay. They will interact in a very complex
manner with respect to the water dipoles, both of which compete for their
optional position against the clay particle surfaces.

3. Direct hydrogen bonding of water to oxygen atoms on the clay’s surface is
also likely to occur.

AR313152




These three mechanisms combine to form the diffuse double layer which is
immediately adjacent to the surface of the clay particles and extends out into the
void space between particles. This layer, the "adsorbed layer”, gives clay soils their
plasticity characteristics as evidenced by both a cohesive strength and a relatively
low hydraulic conductivity (permeability). This low permeability is of great interest
in clay liner technology. The lowest permeabilities occur with montmorillonite clays
which have the highest surface activity, hence the thickest adsorbed water layer.
This adsorbed water layer leaves little remaining void space for the flow of free
water, hence low values of hydraulic conductivity. This reaction of sodium
bentonite with water is illustrated in Figures 1 thru 4,

IShan, H. Y., Laboratory Tests on a Bentonite Blanket, (MSCE Thesis, Univeristy
of Texas at Austin), May 1990

2Eith, A, W., Boschuck, J., and Koerner, R. M., Prefabricated Bentonite Clay

Liners, Proceedings, 4th GRI Seminar, Landfill Closures: _Geosynthetics, Interface
Friction and New Developments (Geosynthetic Research Institute, Drexel University, 1990)

3Bo}m H., Mc¢Neal, B., and O’Connor, G., Soil Chemnstﬂ 2nd edition (John Wiley
& Sons, New York 1985), pp. 341
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HOW BENTONITE REACTS WITH WATER

L BENTONITE PLATELETS

Bentonite consists of platelets that have a strong negative (-) charge on the ends
and strong positive (+) charge in the center., The platelets resemble a set of
stacked dishes.

++++++++

Platelet -

F+++t+++
++++++++

++++++++
++++++++

il
R

FH+FFF++

2. PLATELETS IN CONTACT WITH WATER

When water comes in contact with Bentonite, its positive hydrogen atom (H+) seeks
negative charges (-) on the surface of the clay platelets.

++++++++

Platelet

FHHH++++
++++++++

++++++++
++++++++

H OG0 G

FrHrr++T
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NEUTRALIZATION OF BENTONITE PLATELETS
As the negative charges at the ends of the platelets become neutralized, the
remaining negative oxygen atoms in the free water are attracted to the positive

charges in the middle of the platelet. At this point some water molecules enter the
platelets, and in so doing, force them to spread apart (swell and gel).

+++44+++

Platelet

(%)
N6
1

it

FH+FrF++
A4+

FF+T
e ++++

» &
® G
11T

&

++

WATER ENTERING PLATELETS

A wedge of large water molecules enters and separates (gelling action) the platelets.
Note: As long as the platelets are in compression, they can only spread a limited
distance and, therefore, trap or jam the water molecules as they try to enter. Once
this state has been reached, the bentonite platelets are truly waterproof.

PN E v \L‘ .

Platelet

FH++
++++
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APPENDIX 12

FORM D

AREAS WHERE CLASS I RESIDUAL WASTE
LANDFILLS ARE PROHIBITED

From:

Commonwealth of Pennsylvania
Department of Environmental Resources
Bureau of Waste Management
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Date Prepared/Revised COMMONWEALTH OF PENNSYLVANIA L0, Numbes

DEPARTMENT OF ENVIRONMENTAL RESQURCES
BUREAU OF WASTE MANAGEMENT

FORM D -RESIDUAL

. EXCLUSIONARY AREA CRITERIA/ENVIRONMENTAL
ASSESSMENT PROCESS FOR
RESIDUAL WASTE MANAGEMENT FACILITIES

INSTRUCTIONS

Permit applicants must subject lands proposed for processing or disposal of residual waste to the standards set
torth in the regulations governing same prior to issuance of a waste management permit.

Form D is to be completed and submitted to the Department as a component of a permit application. If a
permit application is submitted in Phases, this form must be submitted with Phase |.

Section One contains absolute and mitigable exclusionary area criteria — if an affirmative response is given, ’
additional information may be required. If the Department determines that the additional information does
not mitigate the concerns, then the permit application will be denied for the proposed area.

SectionTwo allows the Department to evaluate the applicant’s environmental assessment to determine
whether the proposed operation has the potential to cause enviranmental harm. If the appiicant determines
that the proposed operation may cause environmental harm, the applicant must provide a written explanation
of how it plans to mitigate the potential harm. The assessment may include a description of the social and
economic benefits of the project.

plicants should answer each question that applies to the type of facility they intend to operate, and provide

'@ required additional information for all affirmative responses. Attachments may be necessary if additional

information is required. The Department may require information in addition to that provided in this form, if

it deems necessary. in addition, a USGS 7.5 minute topographic quadrangle map, indicating the perimeter of

the permit area (to approximate scale) and all environmentai impact areas (as indicated by this form) shall be
attached.

When locating a permit area with respect to the boundaries of environmental impact areas identified by this
form, applicants should be aware that distances from a facility to a feature or structure (described by these
standards) shall be measured from the perimeter of the proposed permit area. Permit area is defined as “The
area of land and water within the boundaries of the permit which is designated on the permit application
maps as approved by the Department. The term includes the areas which are or will be affected by the residual
waste processing or disposaf facility.” (reference § 287.1)

Page 1 of 18
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APPLICABILITY

The Exciusionary Area Criteria apply to the siting of all residual waste processing and disposal facilities
requiring permits under the law. However, the regulations provide the following exceptions to the
applicability of the Environmenta! Assessment Process (Section Two) uniess the Department determines that
the facility may have significant effect on the environment:

1. Agricultural Utilization of Residual Waste Facilities.
2. Land Reclamation facilities for Residua! Waste.
3. Permit modification applications that are not considered to be “major” modification as indicated by

the regulations (reference §287.159).

For facilities which were subjected to the Environmental Assessment Process prior to July4, 1992, the
Department will limit the scope of review to the followi ng:

1. Proposed modifications to the facility.
2. Changes (in the area covered by the assessment) that have occurred since the last assessment was
conducted.

AR313158
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SECTION ONE - EXCLUSIONARY AREA CRITERIA

A.  Ifthe facility is a Residual Waste Landfill or Disposal Impoundment, answer the following about the
facility’s location:

Régulatory

Citation Yes No

§288.422 . O A Is it within the 100-year floodplain of any waters of the

§288.522 Commonwealth? Attach floodplain map showing facility location.
§288.622 )

§289.422 ) 2. Od x4 Is it within 300 feet of an exceptional value wetland?

§289.522

3. O X Is it within 100 feet of a wetland other than an exceptional value

wetland?
If yes, complete following:

O O a. Will storage, processing, or disposal occur within 100 feet of

the wetland?

b. Check one of the following if applicable:

O O A chapter 105 permit has been obtained.

. O O No adverse hydrologic or water quality impacts will result. Attach

explanation.

4 0O X Is it located in coal bearing areas underlain by recoverable or
mineable coals?

O O If yes, does the applicant own the underlying coal? if so, attach
documentation.

5. 0 %] Isitlocated in a valley, ravine, or head of hollow where the
operation would result in the elimination, pollution, or
destruction of a portion of a perennial stream?

O O If yes, and rechanneling is proposed, has a permit been applied for
under Chapter 105? Explain.

6. O X] Isitlocated in an area underlain by limestone or carbonate
formations where the formations are greater than five feet in
thickness and present at the topmost geoiogic unit?

d b Isitiocated in an area mapped by the PA Geological Survey as
, underlain by these formations?
O | Ifincluded in the area mapped, are geologic studies available to
demonstrate the absence of sinkhole development and sinkhole-
. prone limestone and carbonate formations? Provide

documentation.
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Yes No
7a. O X For facilities not permitted before July 4, 1992, is the facility

located within 300 feet measured horizontally from an occupied
dwelling?

| O If yes, has the current owner provided a written waiver consenting
to the facility being closer than 300 feet? Attach a copy of written
consent. '

7. O O If the facility was permitted prior to July 4, 1992, is the disposal
N/F} area for the residual waste landfill located within 500 feet
measured horizontally from an occupied dwelling?

O ] If yes, has the current owner provided a written waiver consenting
to the disposal area being cioser than 500 feet? Attach a copy of
written consent. )

8 0O X Within 100 feet of a perennial stream?

If yes, answer the following:

| O a. Will storage, processing, or disposal activities occur within that
distance?
O O b. Will any adverse hydrologic or water quality impacts result?

attach explanation.
9 O X Within 100 feet of a property line?

If yes, check the following if applicable:

O O a. Actual disposal will not occur within that distance.

O 0O b. The current owner has provided a written consent to the
facility being closer that 100 feet. Attach a copy of written
consent.

10. O & Within 25 feet of a coal seam, coal outcrop, or coal refuse?

a O If yes, is the waste noncombustible? Attach explanation.

1. O X a. Isthe facility’s processing, disposal, or storage areas located
within 1/4 mile upgradient of a private or public water source?

O X b. lsthe facility’s processing, disposal, or storage areas located
within 300 feet downgradient of a private or public water
source?

AR3131gg
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If yes to either of the above, answer the following:

a. Havethe owners of the public and private water source in the
isolation area consented, in writing, to the location of the
proposed facility? Attach written consent.

b. Havethe operator and each owner agreed, in writing, that the
applicant will construct and maintain, at the operators
expense, a permanent alternative water supply, of like
quantity and quality, at no additional cost to the water source
owner, if the existing source is adversely affected by the
facility? Provide documentation.

¢. Hasapplicant has demonstrated that a replacement water
source is technically and economically feasible and readiiy
available for every public or private water source in the
" isolation area? Provide documentation.

Does the facility receive or propose to receive putrescibie waste?

if yes, answer the following

a. Isitlocated within 10,000 feet - or 3,048 meters -- of an airport
runway that is or will be used by turbine-powered aircraft
during the life of the disposal operations under the permit?

b. Isitlocated within 5,00 feet-- or 1,524 meters - of an airport

runway that is or will be used by piston type aircraft during the
life of the disposal operations under the permit?

B.  Ifthe facility is a Transfer Facility, Incinerator, or other Processing Facility, answer the following about the

facility's location:

d/ﬁ

§297.202
§293.202

a

O

O

Is it within the 100-year fioodplain of any waters of the Common-
wealth? Attach floodplain map showing facility location.

Is it within 300 feet of an exceptional value wetland?

Is it within 100 feet of a wetland other than an exceptional value
wetland?

If yes, complete following:

a. Will storage, processing, or disposal occur within 100 feet of
the wetland?
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b. Check one of the following if applicable:
A chapter 105 permit has been obtained.

No adverse hydrolagic or water quality impacts will result. Attach
explanation.

Is it within 300 feet, measured horizontally, from an occupied
dwelling?

i yes, has the owner of the dwelling provided a written waiver
consenting to the facility being closer than 300 feet? Attacha
copy of written consent.

For Transfer Facilities, is the facility located within 100 feet of a
perenniai stream?

If yes, answer the following:
a. Will actual storage and disposal accur within that distance?

b. Will any adverse hydrologic or water quality impacts resuit?
Attach explanation.

For incinerators and other Processing Facilities, is the facility
located within 100 feet of a perennial or intermittent stream?

If yes, answer the following:
a. Will actual storage and disposal occur within that distance?

b. Will any adverse hydrologic or water quality impacts wili
result? Attach explanation.

For transfer facilities, is the location within 50 feet of a property
line?

Is yes, will actual processing accur within that distance?

For incinerators and other Processing Facilities, is the location
within 50 feet of a property line?

if yes, check one or mare of the following if applicable:
Actual processing of waste will not occur within that distance.
Alt owners of occupied dwellings within that distance have

provided written waivers consenting to the facility being closer
than 50 feet? Attach a copy of written cansent.

AR3131i62

Page 6 of 18




@'/

O

No

O

.D. Number

FORM D

For commercial Incinerators and other commercial Processing
Facilities permitted after September 26, 1988, is the facility located
within 300 yards of the following:

a. Abuilding which is owned by a school district or parochial
school and used for instructional purposes.

b. A park existing prior to the date the Department receives an
administratively complete application for a permit for such
facility.

¢. A playground existing prior to the date the Department
receives an administratively complete application for a permit
for such facility.

C. M the facility is a Composting Facility, answer the following about the facility's location:

§295.202 1. O

o//i

O

O

O

O 0O

Is it within the 100-year floodplain of any waters of the Common-
weaith? Attach floodplain map showing facitity location.

Is it within 300 feet of an exceptional value wetiand?

Is it within 100 feet of a wetland other than an exceptional value
wettand?

If yes, complete following:

a. Will storage, processing, or disposal occur within 100 feet of
the wetland?

b. Check one of the following if applicable:
A chabter 105 permit has been obtained.

No adverse hydrologic or water quality impacts will result. Attach
explanation.

Within 100 feet of a sinkhoie or area draining into a sinkhole?

Within 300 feet, measured horizontally, from an occupied
dwelling?

if yes, has the owner of the dwelling provided a written waiver
consenting to the facility being closer than 300 feet? Attacha
copy of written consent.

AR313163
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Within 100 feet of a perennial stream?
if yas, answer the following:

a. Will actual storage, processing, and disposal occur within that
distance?

b. Will any adverse hydrologic or water quality impacts result?
Attach explanation.

Within 50 feet of a property line?

if yes, does the actual composting of waste occur within that
distance? Provide exptanation.

a. Within 1/4 mile upgradient of a private or public water source?

b. Within 300 feet downgradient of a private or public water
source? . '

If yes to either of the above, will processing, disposal, and
waste or compost storage occur within this distance?

in an area where the seasonal high water table or perched water
table is less than 4 feet from the surface?

D. tfthe facilityisaland Applicatiqn Facility for Residual Waste, answer the following about the facility’s

location:

§291.202

g

0o o

0o 0

0 0O

Within 100 feet of an intermittent stream or perennial stream?.

Within 300 feet of a water source, uniess otherwise approved by
the Department, in writing? Attach explanation.

Within 1,000 feet upgradient of a surface water source, unless
otherwise approved by the Departmient, in writing? Attach
explanation.

Within 25 feet of a bedrock outcrop?

Within 50 feet of a property line within which the residual waste is
applied?

If yes, has the owner provided a written consent to the land
application being closer than S0 feet? Provide a copy of written
consent.

Within 100 feet of a sinkhole or area draining into a sinkhole?
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Within 25 feet of the perimeter of an undrained depression?

In or within 100 feet of an exceptional value wetland?

Within 300 feet, measured horizontally, from an occupied
dwelling?

If yes, has the owner of the dwelling provided a written waiver
consenting to the facility being closer than 300 feet? Attacha
copy of written consent.

For the surface land disposal of residual waste, is the location
within the 100-year floodplain of any waters of the Common-
wealth? Attach floodplain map showing facility location.

E.  Ifyou are applying for an expansion of a captive facility, compiete the following:

§288.522 1. Ifyou are requesting a waiver or modification for an isolation distance, check the
§288.622 following appropriate boxes below. Make sure to identify the proposed
§288.422 isolation distance in the space provided.
| a. Within the 100-year floodplain of the waters of the
. Commonwealth.
N Proposed isoiation distance:
’:} O b. Within a valley, ravine, or head of hollow where the operation
would result in the elimination, pollution, or destruction of a
portion of a perennial stream.
O ¢. Fordisposal areas within 500 feet measured horizontally from
an occupied dwelling.
Proposed isolation distance:
O d. Within 100 feet of a perennial stream.
Proposed isolation distance:
O e. Forpracessing, disposal, and storage areas within 1/4 mile
upgradient of a private or public water source.
Proposed isolation distance:
O f. For processing, disposal, and storage areas within 300 feet

downgradient of a private or public water source.

Proposed isoilation distance:
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Demonstrate all of the following:

a.

The captive facility was permitted prior to July 4, 1992 or was
permitted after July 4, 1992 if the Department determined the
permit application to be administratively complete prior to
January 21, 1992. Provide documentation.

The captive facility routinely and regularly disposed of residual
waste on and after July 4, 1992. Provide documentation.

The expansion of the captive facility solely includes land which
is contiguous to the captive facility. Provide documentation.

The expansion of the captive facility solely includes land which
is owned by the applicant on January 21, 1992.

No other site is available on contiguous land for the expansion
of the captive facility. Provide documentation.

The expansion of the captive facility will be designed and
operated to ensure that the facility does not harm pubilic
health, safety, welfare, or the environment. Provide
documentation.

Does the applicant propose to expand the captive facility onto land which
is closer to any occupied dwelling than the facility's location prior to the
expansion? {Yesor No)
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&CTI ON TWO - ENVIRONMENTAL ASSESSMENT CRITERIA:

Part One:

heaith, and public safety including the following:

traffic
aesthetics

air quality
water quality

plants

aquatic habitat

threatened or endangered species
water uses

land use

ToveNOUAWN~

- O

B. Inaddition, please address the following questions.

. information, as deemed necessary).

Yeas No

A. Provide a detailed analysis of the potential impact of the proposed facility on the environment, public

stream flow SEE seenon 3.1 ENVIROMM ENTAL.
fish and wildlife ASSESSME/UT

An affirmative response to any of the following requires that the appiicant complietely address the
additional questions set forth for that particular item. (The Department may require additional

. R O Is the project in the corridor of a stream or river designated as a
national or state wild, scenic, recreational, or modified recrea-
tional river in accordance with the National Wild and Scenic Rivers

Act of 1968, or the Pennsylvania Scenic Rivers Act?

. lf nyes'u

a. Identify the river, the outline of the designated corridor, and

the location of the project within the corridor.

b. Describe how the project conforms to the Land Management

Guidelines and Studies or Plans for the corridor.

SEe nurarve m secion 3., 4. |
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Is the project located within one mile of the nearest bank of a
stream or river listed as a 1-A priority for study by the Department
of Environmental Resources as a state wild, scenic, recreational, or
modified recreational river; or mandated by the U.5. Congress for
study or determined by the U.S. Heritage Conservation and
Recreation Service to meet the criteria for study for potential
inclusion into the National Wild and Scenic Rivers System?

1f nyes,u

a. ldentify the river or stream and its distance from the project.

'b. Conduct visual and traffic analyses as specified in the applicant

guidelines.

¢. Describe the characteristics of the project which might create
adverse environmental, visual, or traffic impacts on or in the
vicinity of the river or stream.

d. Describe measures to be taken to minimize adverse impacts on
the river or stream.

Is the project located within one mile of a unit of the National
Parks System; a state, county, or municipal park; recreation facility
operated by the U.S. Army Corps of Engineers; a state forest picnic
area; or the Allegheny River Reservoir in the Allegheny National
Forest?

'f nyes'u

a. Identify the park or cther area and its distance from the
project.

b. Conduct visual and traffic analyses as specified in the applicant
guidelines.

¢. Describe the characteristics of the project which might create
adverse environmental, visual, or traffic impacts on the park or
other area.

d. Describe measures to be taken to minimize adverse impacts on
the park or other area.
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is the project within one mile of the footpath of the Appalachian
Trail?

if “yes,”
a. Indicate the distance from the project to the Appalachian Trail.

b. Conductvisual and traffic analyses as specified in the applicant
guidelines.

¢. Describe the characteristics of the project which might create
adverse environmental, visual, or traffic impacts on the
Appalachian Trail.

d. Describe measures to be taken to minimize adverse impacts on
the Appalachian Trail.

s the project located within one mile of a national natural
landmark designated by the U.S. National Park Service; or a
natural area, or wild area designated by the Pennsylvania
Environmental Quality Board.

If "yes,"

a. Identify the natural landmark, natural area, or wild area and
its distance from the project.

b. Conduct visual and traffic analyses as specified in the applicant
guidelines.

¢. Describe the characteristics of the project which might create
adverse environmental, visual, or traffic impacts on the natural
landmark, natural area, or wild area.

d. Describe measures to be taken to minimize adverse impacts on
the natural landmark, natural area, or wild area.

Is the project located within one mile or within an identified
potential impact area of a national wildlife refuge, national fish
hatchery, or national environmental center operated by the U.S.
Fish and Wildlife Service?

'If nyes’ ”

a. Identify the wildlife refuge, fish hatchery, or environmental
center and its distance from the project.

b. Conduct visual and traffic analyses as specified in the applicant
guidelines. :

AR313169
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Describe the characteristics of the project which might create
adverse environmental, visual, or traffic impacts on the wildlife
refuge, fish hatchery, or environmental center.

Describe measures to be taken to minimize adverse impacts on
the wildlife refuge, fish hatchery, or environmental center.

Is the project located within one mile of an historic property
owned by the Pennsylvania Historical and Museum Commission?

lf "yes, n

a. Identify the historic property and its distance from the project.

b. Conduct visuai and traffic analyses as specified in the applicant
guidelines. '

¢. Describe the characteristics of the project which might create
adverse environmental, visual, or traffic impacts on the histaric
property.

d. Describe measures to be taken to minimize adverse impacts on

the historic property.

Is the project located within  mile of an historic site listed in the
National Register of Historic Places or the Pennsylvania Inventory
of Historic Places; or an archaeological site listed in the
Pennsylvania Archaeological Site Survey?

If “yes,”

a.

Identify the historic or archaeological site, and its distance
from the project.

Describe the characteristics of the project which might create
adverse impacts on the historic or archaeclogical site.

Describe measures to be taken to minimize adverse impacts on
the historic or archaeologicai site.

Indicate any contact you have had with the Pennsylvania
Historical and Museum Commission about the project. o
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Yeas No

2 0O X Is the project located within +mile of the boundary of a state
forest or state game land; or the proclamation boundary of the
Allegheny Natural Forest?

If nyes'u

a. ldentify the forest or game land and its distance from the
project.

b. Describe the characteristics of the project which might create
adverse impacts on the forest or game land.

¢. Describe measures to be taken to minimize adverse impacts of
the project on the forest or game land.

10. O K Is the project located within an area which is a habitat of a rare,
threatened, or endangered species of plant or animal protected by
the Federal Endangered Species Act of 1973, or recognized by the
Pennsylvania Department of Environmental Resources, Penn-
sylvania Fish Commission or Pennsylvania Game Commission?

]f »” yes'n

a. ldentify the species and the habitat area and the location of
the project within the area.

b. Describe the characteristics of the project which might create
adverse impacts on the species or habitat.

¢. Describe measures to be taken to minimize adverse impacts on
the species or habitat.

d. Describe any contact you have had with the Pennsylvania Fish
Commission, Pennsylvania Game Commission, Pennsylvania
Historical and Museumn Comimission, U.S. Fish and Wildlife
Service, or the Pennsyivania Department of Environmental
Resources (Plant Program) about the project.

1. 0o ® Is the project located on prime farmland (Classt and 1! soils) as

indicated in the U.S. Soil Conservation Service County Soil Survey?
!f nyes’ n

Identify the location and acreage of prime farmiand and the
location of the project. - ,

§R3l3f7l
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Is the project located within a Special Protection Watershed, as
designated in Chapter 93 (relating to Pennsylvania’s Stream Water
Quality Criteria) of the Rules and Regulations of the Pennsylvania
Department of Environmental Resources?

If “yes,”

a. Identify the stream and watershed, and the distance of the
stream from the project.

b. Describe the characteristics of the project which might create
adverse impacts on the stream.

¢. Describe measures to be taken to minimize adverse impacts on
the stream.

Will the project, absent control measures, result in an increase in
the peak discharge rate for stormwater drainage from the project
site?

If “yes,”

a. Describe the amount of increase in the peak discharge rate for
stormwater drainage.

b. Describe adverse impacts that might result from the increase in
peak discharge rate for stormwater drainage.

¢. Describe measures to be taken to minimize adverse impacts
from the increase in the peak discharge rate for stormwater
drainage.

If no, provide documentation supporting this judgment.

Will the project create an increase in traffic on the approach
route(s) leading to the project?

If "yes,”

a. |dentify the approach route(s) to the project site, and describe
them in terms of:

1) design capacities, roadway width and condition;

2) average daily traffic counts (if available from Pennsylvania
Department of Transportation);

3) hazardous grades or curves.
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Describe the expected traffic increase; inciude number, type,
size and weight of vehicles and distribution on approach
routes.

ldentify and indicate number of residences fronting (50 feet
setback or less) on approach route(s) to the project site.

ldentlfy any schoo!s, hospitals, or nursing homes located on
the approach route(s) to the project site.

Describe any special routing or timing of traffic to the project
site to be provided to minimize conflict with other traffic or to
prevent safety hazards. Traffic impacts analyzed for previous
questions should be briefly mentioned.

Is the project located within the watershed or aquifer, and within
one mile of a public water supply facility dependent on
groundwater sources; or upstream, within the watershed, and
within three miles of a public water supply facility dependent on
surface sources.

If “yes,”

Identify the public water supply facility, and its supply sources;
locate both on a topographlc map; and indicate their distances
from the project. .

Briefly describe the public water supply facility, including
capacity and population served.

Describe measures to be taken to protect the public water
supply facility from any potential harm.

Is the project located in a landslide, sinkhole, or mine subsidence
prone agrea?

If “yes,” provide the following:

a.

b.

Identify the geologic hazard and the location of the project.
indicate how the geologic hazard will affect the project.

Describe the engineering and design measures to be taken to
minimize the geologic hazard to the project and prevent an
increase in danger from the hazard to other property owners
in the vicinity.

AR313173
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. Yes No
17. O X Are wetlands present on the perimeter or adjacent areas?

If yes, provide the following:

a. Do the wetlands serve an important natural biclegical
function, including food chain production; general habitat;
and nesting, spawning, rearing and resting sites for aquatic or
land species?

b. Are the wetlands set aside for study of the aquatic environ-
ment or as sanctuaries or refuges?

¢. 'Would alteration or destruction of the wetlands detrimentally
affect natural drainage characteristics, sedimentation
patterns, salinity distribution, fiushing characteristics, natural
water filtration process, current patterns or other environ-
mental characteristics?

d. Are the wetlands significant in shielding other areas from
wave action, erosion, or storm damage?

e. Do the wetlands serve as valuable storage areas for storm and

flood waters?
f. Are the wetlands prime natural recharge areas {that is,
. locations where surface and groundwater are directly
interconnected?)

C.  If the applicant determines that the proposed operation may cause environmental harm, provide the
Department with a written explanation of how it plans to mitigate the potential harm.

4

Part Two: Economic and Social Considerations

For residual waste impoundments and landfills, complete this section. For other facilities, do not complete this
section uniess requested by the Department.

The applicant shall describe, in writing, the social and economic benefits of the project to the public. The
report shall inctude the following:

a) taxrevenue /Y/ A - AvmiasTianve RE&UW?&;KSJ; 7 of ARAK
b) public and private infrastructure AT SobstantiviE <

¢} compatibility with regional and local economic goals
d) emergency management capabilities
e) loss of resources
f) social service demands
g} other demographic characteristics
h) need for the facility
i) consistency with municipal, county, or regional solid waste plans approved by the Department
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PROXIMITY OF PRIVATE WELL AT
RESIDENCE WEST OF SHALE PIT
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APPENDIX 13
TABLE A

COST ESTIMATE
REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL

SHALE PIT AREA

Page 1 of 8
Item Description Unit Unit Cosgt Quantity
CAPITAT, COSTS
I. Common Actions
Removal/Stabilization
of Pond Sediments l.s. 190,000.00 1
Removal of Sewer : ; .
System Sediment 1.f. 12.00 850
Building
Decontamination l.8. 165,600.00 1
Removal of Casing
and Wire ton 72.00 1,200

Subtotal, Common Actions

II. On-site Containment Cell S o

Liner Construction
Isolation Layer
Perforated Pipes
Six Inch Subbase
Side Slope Fill
Secondary Liner
Leachate Detection

Soil
Perforated Piping
Manhole
Primary Liner
Leachate Colliection
Soil
Perforated Piping
Manhole

Subtotal, ©

III. Stabilization of Soi
Full Scale Trial
Operation
Stabilization

Subtotal

IV. On-site Containment
Cover Construction
Intermediate
Cover (127)
Geotextile layer
60 mil HDPE
Drainage Net
Geotextile layer
So0il (18")
Topscil (6")

Total,

c.Y. 17.20 8,300
1.f. 6.77 950
cC.Y. 17.20 985
c.y. © 0 17.20 5,900
s.f. _0.70 53,100
Zone
C.V. 17.20 1,967
1.f. .. 6.77 950
ea. 2,000.00 1
g.f. 0.55 53,100
Zone
s.f. 17.20 2,950
c.Y. 7.80 950
ea. 2,000.00 1

n-site Containment Cell Liner

1l and Ash
1.s. 50,000.00 . 1
ton 51.00 48,640

, Soil and Ash Stabilization

Cell

C.V. 10.67 1,967
s.f. 0.18 53,100
s.f. 0.55 53,100
s.f. 0.31 53,100
s.f. 0.18 53,100
c.y- 10.67 2,950
c.vY. 18.13 983
On-site Containment Cell. Cover

Total Cost Reference
190,000 Table G~1*
10,200 (1}
165,600 Table G-2*
86,400 : (2)
$452,200
142,760 (3}
6,430 (4)
16,9240 (5)
101,480 (6)
37,170 (7)
33,830 (8)
6,430 (9)
2,000 (10}
29,205 (11}
50,740 (12)
7,400 (9}
2,000 (13)
$487,765
50,000 (14)
2,480,640 (15}
$2,530,640
20,890 (16)
19,120 (17)
29,200 (18)
16,460 (19)
19,120 (17)
31,480 (20)
17,830 (21)
$154,200
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APPENDIX 13
TABLE A

COST ESTIMATE
REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL

SHALE PIT AREA

Page 2 of 8

Item Description Unit Unit Cost _Quantity Total Cost Reference
CAPITAL COSTS (continued) . o . I
V. Storm Water and Erosion
Control Channels
Rip Rap Lined 1.f. 17.%4 1,750 31,400 (22)
Grass Lined 1.f. 11.%4 1,300 15,520 (22)
Channel Subtotal = $46,920
VI. Additional Fence 1.f. 13.00 2,930 38,090 {(23)
VII. Groundwater Monitoring
Well T "l.s. 15,000.00 1 15,000 Table G-4*
VIII. Post-Excavation Sampling
and Air Monitoring )
Program l.s. 120,000.00 1 120,000 (24)
IX. Asphalt Repaving sS.y 7.50 4,500 33,750 - (25)
Subtotal (Capital Cost) = $3,801,635
Mobilization, Engineering and Contingency (50%) = $1,900,815
Total Capital Ceost = §5,702,450
ANNUAL COST B
I. Site Maintenance month 1,150.00 12 13,800 (26)
II. Cell Maintenance l.s. 3,200.00 1 3,200 (27)
ITI.Site
Inspections each 3,000.00 2 6,000
IV. Fence Repair 1.£. 13.00 430 5,590 (28)
IV, Groundwater :
Monitoring l.s. 6,230.00 1 6,230 Table G-5%
Subtotal {Annual Cost) = 34,820
Present Worth (30 yrs., 10%, PWF=9.43) = 328,350
Contingency (25%) = 82,090
Total Pregent Worth (Annual Cost) = $410,440
TOTAL PRESENT WORTH OF ALL COSTS , . = §6,112,890
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APPENDIX 13
TABLE A
COST ESTIMATE

REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL

SHALFE PIT AREA

Page 3 of 8§

Tables lListed refer to tables in Appendix G of FS.

Based on recent similar industrial sewer cleaning project cost, New Jersey and Pennsylvania area. Cost
for stabilization is included with cost of pond sediment stabilization, Table G-1.

Based on the following: :
a. Transportation and disposal facility price quote for non-hazardous waste transportation
($14/ton) and disposal ($58/ton) in Argyl, PA.

b. Total of 600 cubic yards (Table 4-3) and assumed density of 2.0 tons per cubic yard.

This represents the cost of raising the elevation of the subbase from elevation 1642 (i.e., the bottom of
the shale pit) to elevation 1650, as discussed in Section 3.1.16.1 (Ground Water Isolation Distance
Requirements).

Quantity:

The quantity of 8,300 cubic yards was determined during the preparation of the FS. (See FS Appendix
D, Capacity Analysis, page 3 of 16: cumulative volume from elevation 1642 to 1650.)

Unit Cost: e L

The unit cost for this item of $17.20 was taken from the bid submitted by Foster Wheeler Enviresponse,
Inc. and selected by the NJDEPE for the remediation of the Combe Fill South Landfill. This bid item
was for drainage layer material (sand) with a permeability not less than 1.0 x 102 cm/sec.

Perforated pipes were included in the design of the ground water isolation layer described in Section
3.1.16.1 (Grouand Water Isolation Distance Requirements). Although not required to comply with the
requirement for a minimum isolation distance between ground water and the top of the subbase, a
drainage system of perforated pipes was included in the design of the shale pit containment cell.
Quantity: '

The quantity is based on the perforated pipe system layout (100’ maximum spacing) presented in
Appendix 13A.

Cost: o o T

The unit cost for this item was taken from the bid submitted by Foster Wheeler Enviresponse, Inc. and
selected by the NIDEPE for the remediation of the Combe Fill South Landfill. This bid item was for
four inch diameter perforated PVC pipe.
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APPENDIX 13
TABLE A
COST ESTIMATE
REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL
SHALE PIT AREA

Page 4 of 8

Notes (continued):

®

©)

)

@

©®)

This represents the cost of an additional six inch subbase layer of permeable soil. This is in addition
to the ground water isolation layer described above,

The dimensions of the on-site containment cell in the shale pit area are: approximately 300 feet long
(east-west) and approximately 177 feet wide (north-south). The area to be lined, then, is 53,100 square
feet. See Appendix 13A for additional information. The volume of the 6" subbase is 985 cubic yards,
or 26,550 cubic feet (53,100 s.f. x 0.6 ft.). S o

Unit Cost:

See unit cost note No3.

This represents the cost of adding fill to the existing shale pit side slopes (north and south boundaries)
to create a 3 horizontal to 1 vertical slope suitable for liner construction.

Quantity: e , -

See Appendix 13A for guantity of fill to be placed on cell side walls in shale pit area.

Cost: _ ’ I '

See unit cost note No.3.

This represents the cost of a composite HDPE and bentonite secondary liner,

The area to be lined is 53,100 square feet. See note No. 5, above.

Cost: ) ', :
The cost is a price quote of $0.70 for materials and installation from Guadle Lining Systems, Inc. March,

This represents the costs for the one foot thick permeable (1.0 x 10? cm/sec) soil drainage layer in the
leachate detection zone,

Quantity: - .

The quantity is equal to the surface area (i.e., 53,100 square feet) of the shale pit cell {see note No. 5,
above) and a one foot depth: 53,100 cubic feet, or 1,967 cubic yards.

LCost: : ' '

See unit cost note No.3.

This represents the cost of the 4" diameter perforated piping required for the leachate detection zone.
uantity: L

The quantity is based on the perforated piping system layout presented in Appendix 13A (maximum 100’

spacing).

Unit Cost:

See not No. 4, above.
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APPENDIX 13

TABLE A
COST ESTIMATE
REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL
SHALE PIT AREA

Page 5 of 8

Notes (continued):

(10)

11)

(12)

(13)

)

This represents the cost of a manhole sump to be connected to the leachate detection zone piping
system.

uantity: ,
One manhole sump would be used to monitor the potential presence of leachate in the leachate
detection zone.
Unit Cost; . i o .
Means Construction Cost Guide. Precast, 5 1.D., 8 deep. 027-152-1170.

This represents the cost of the 60 mil HDPE primary liner.
uantity: )
The area to be lined is 53,100 square feet. See note No. 5, above.
Cost: )
The cost is price quote from NSC liner for 10 ounce per s.y. geotextile ($0.12/s.£.) plus installation
(30.06/s.£.).

This represents the cost of the 1.5 thick permeable (1.0 x 10 cm/sec) soil drainage layer included in

the leachate collection zone. This layer also serves as the protective soil cover for the liner system.
uantity:

The quantity is equal to the surface are (53,100 square fect) of the shale pit cell (see note No. 5, above)

and a 1.5° depth: 79,650 cubic feet, or 2,950 cubic yards.

Unit Cost: R o

See unit cost note No. 3, above.

This represents the cost of a manhole sump to be connected to the leachate collection zone piping
system.

uantity; . :
One manhole sump would be used to coilect leachate from the leachate collection zone. Leachate
collection, treatment and disposal is discussed in Section 3.1.17.
Unit Cost: Lo
Means Construction Cost Guide. Precast, § 1D, 8 deep. 027-152-1170.

Approximate costs, vendor estimates, for labor, testing, material and equipment for three week trial
operation.
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APPENDIX 13
TABLE A
COST ESTIMATE
REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL

SHALE PIT AREA

Page 6 of 8
Notes (continued):
(15)  Based on the following: _
a. Cost: Refer to Table G-6 (Appendix G, FS).
b. Ash Quantity: Total of 165 c.y. (refer to Section 3.1.4.1, Weight/Volume of Waste) and
assumed density of 1.84 tons per cubic yard. Total = 160 cy. x 1.84 tons/c.y. = 294 tons.
c. Soil Quantity: Total of 26,273 cy. (refer to Section 3.1.4.1, Weight/Volume of Waste and

Appendix 4A) and assumed density of 1.84 tons per cubic yard. Total = 26,273 cy. x 1.84
tons/cy. = 48,342 tons. ‘
d Total Soil and Ash Quantity : 294 tons (ash) + 48,342 tons (soil) = 48,636 tons.
= 48,640 tons (approximately)

(16)  This represents the cost of the one foot thick intermediate cover component of the final cover to be
placed over the stabilized Site material. ‘
Quantity: ; , LT :
The quantity is equal to the product of the surface area of the shale pit cell (53,100 square feet) and
the 1.0 foot depth: 53,100 cubic feet, or 1,967 cubic yards.
Unit Cost: , o }
The unit cost for this item was taken from the bid submitted by Foster Wheeler Enviresponse, Inc. and
selected by the NJDEPE for the remediation of the Combe Fill South Landfill. This bid item was for
off-site embankment material.

(17)  Quantity is equal to surface area of on-site containment cell liner; 135,680 s.f. The cost is price quote
from NSC liner for 10 ounce pér s.y. geotextile ($0.12/s.f)) plus installation ($0.06/s.1.).

(18)  Based on price quote from supplier (NSC, Pittsburgh, PA) of $0.55/s.t. for 60 mil high density
polyethylene (HDPE) liner, installed: $0.30/s.f. materials and $0.25/s.1. installation. Quantity is equal
to area of on-site containment cell cover (53,100 s.£).

(19)  Based on price quote from supplier (NSC, Pittsburgh, PA) of $0.31/s.f. for geonet drainage layer (PN
3000), installed: $0.25/s.f. materials and $0.06/s.f. installation. Quantity is equal to drea of on-site
containment cell cover (53,100 s.f.).

(20)  For cost, see note No. 16, above. Quantity is equal to the product of the surface area of the on-site
containment cell (53,100 square feet) and the 1.5 foot depth: 79,650 cubic feet, or 2,950 cubic yards.

(21)  Quantity is equal to the product of the surface area of the on-site containment cell (53,100 square feet)
and the 0.5 foot depth of topsoil: 26,550 cubic feet, or 983 cubic yards. The unit cost for this item was
taken from the bid submitted by Foster Wheeler Enviresponse, Inc. and selected by the NJDEPE for
the remediation of the Combe Fill South Landfill. This bid item was for topsoil.
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TABLE A
COST ESTIMATE
REMEDIAL ALTERNATIVE V1
ON-SITE CONTAINMENT CELL
SHALE PIT AREA

Page 7 of 8

Notes (continued):

(22)

23)

29

Based on the following: -
A. Dimensions of channel cross-section:
width = 13.0 ft.
depth at center = 2.5 (slope = 1H:2V)
thickness of rip rap = 0.75
cross-sectional area of channel to be excavated = 21.12 s.f.
cross-sectional area of rip rap = 5.06 s.f.

B. Costs - Rip Rap Liner
Excavation = 21.12 s.f./1.f. x lcy./27cf, x $12.14/c.y. (Means, 022-250-2035) = $9.50/Lf.
Load{stockp:l = 2L12 s.£/Lf. x 1.0 Lf. x 1cy./27cf. x ($1.26/cy. + $1.87/cy.) (Means, 022-
250-9024, 022-266-0310) = $2.44/Lf.
Rip Rap = 5.06 s.f./Lf x 1.0 LE. x leyy./27cf. x $13.50/c.y. (see above) = $2.53/Lf. Place rip
rap = 16.0s.f./Lf. x $0.18/sf (see above) = $2.88/1f.
Geotextile = 16.0 s.£./1£. x $0.18/s.f. (see above) = $2.88/1L.
Total = $9.50 + $2.44 + $2.53 + $0.59 + $2.88
= $17.94/Lf.

C. Costs - Grass Lined
Excavation = $9.50/1.E. (see above})
Load/stockpile = -2.44/Lf. see above)
Total = $11.94/1F.

Means Building Construction Cost Data (1989)

(015-304-0100)

Chain link fence, 6 high: $11.85 per linear foot

Adjusted for inflation: $11.85 x 1.1 = $13.00/Lf. (approximately)

Based on the following costs:

$65,000 Air monitoring program for three months until: (1) off-site and on-site soil
consolidation is completed; and (2) first layer (12" intermediate cover) has been
installed.
25000 ~  X-ray florescence field sampler for metals (post-excavation sampling).
10,000 Off-site analytical costs for post-excavation confirmation samples (to confirm field
results).
20,000 Labor costs for air monitoring and post-excavation sampling,
120,000 Total costs for air monitoring and post-excavation sampling.
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TABLE A

COST ESTIMATE
REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL

SHALE PIT AREA

Page 8 of 8
Notes (continued):
(25) Based on the following:
a. Areas to be paved:
Weigh Station Road = 1,292 sq.ft.
Employee Parking Area = 4,857 sq.ft.

Main Facility Parking Area = 34,356 sq.ft.
Total = 40,505 sq.ft
= 4,500 sq.yds.

b. Cost is from Means Construction Cast Data for Philadelphia, three inch asphalt pavement.
Present unit costs of $7.50/sq.yd. updated from July 1988 ($6.30 per square yard) using
Engineering News Record Construction Cost Index from July, 1988 (5981.27) to November,
1991 (7110.37). ' o

. (26)  Based on average month charges for maintenance of storm water and erosion control system at Site,
period from 1/90 to 1/91 ($900/month) and 5/90 through 5/91 ($140/month). Site security and
associated expenses would not be needed.

(27)  Based upon the following costs reported in Section 2.1.3.2 of Compendinm of Costs for Remedial
Technologies at Hazardous Waste Sites; EPA /600/2-87/087; October 1987, adjusted for inflation:

Mowing/revegatation: $960/year/acre x 2 acres = 1,920

Erosion control: $320/year/acre x 2 acres = 640
Repairs due to shrinkage, swelling or ’ ‘

freeze/thaw damage:  $320/year/acre x 2 acres = _ 640

Total = $3,200

(23) Based on a ten year life for 4,230 Lf. of new (2,930 1f) and existing (1,300 Lf.) perimeter fence.
Assumes annual repair of ten percent of total length, i.e., 423 1f. per year (approximately 430 Lf.).
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APPENDIX 13
TABLE B

COST ESTIMATE
REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL

NORTHEAST AREA

Page 1 of 8
Item Description Unit Unit Cosgt " "Quantity
CAPITATL. COSTS
I. Common Actions
Removal/Stabilization
of Pond Sediments l.a. 190,000.00 1
Removal of Sewer
Syatem Sediment 1.f. 12.00 850
Building
Decontamination l.s. 165,600.00 1
Removal of Casing
and Wire ton 72.00 1,200
Subtotal, Common Actions
II. On-gite Containment Cell

Liner Construction

Soil Excavation c.Y. 12.46 15,000
Rock Excavation 1.f. - 20.30 27,225
Six Inch Subbase c.y- 17.20 2,270
Secondary Liner s.f. 0.70 122,500
. Leachate Detection Zone
Soil c.Y. 17.20 4,540
Perforated Piping l.f. - 6.77 1,900
Manhole ea. 2,000.00 1
Primary Liner s.f. 0.55 122,500
Leachate Collection Zone
Soil s.f. 17.20 6,810
Perforated Piping C.V. 7.80 1,900
Manhole ea. 2,000.00 1

Subtotal, On-site Containment Cell Liner

IIT. Stabilization of Scil and Ash
Full Scale Trial
Operation
Stabilization

l.s.
ton

50,000.00 1
51.00 48,640
Subtotal, Soil and Ash Stabilization

On-site Containment Cell
Cover Construction
Intermediate

Iv.

4,540

Cover (12") C.Y. 10.67
Geotextile layer s.f. 0.18 122,500
60 mil HDPE s.f. 0.55 122,500
Drainage Net s.f. 0.31 122,500
Geotextile layer s.f. ¢.18 122,500
Scil ¢18"™) c.y- 10.67 6,805
Topsoil (6") c.y. 18.13 2,270

Total, On-site
APPENDIX 13

Containment Cell Cover

Total Cost Reference
190,000 Table G-1%
10,200 (1)
165,600 Table G-2*
86,400 {2}
= $452,200
186,900 (3)
552,670 (4)
39,040 {5)
42,875 (6)
78,090 (7
12,860 (8)
2,000 (9)
67,375 (10)
117,130 (11)
14,800 (8)
2,000 (12)
= $1,115,740
) 50,000 (13)
2,480,640 (14)
= §2,530,640
48,440 (15)
22,050 (16)
67,375 (17)
37,980 (18)
22,050 (16)
72,610 (19)
41,155 (20)
= §311,660
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TABLE B
COST ESTIMATE
REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL
NORTHEAST AREA
Page 2 of 8
Item Description Unit Unit Cost Quantity

CAPITAL COSTS (continued)

V. 8torm Water and Erosion
Controcl Channels
Rip Rap Lined 1.f. 17.94 = 1,750
Grassg Lined 1.f. 11.94 1,300

Channel Subtotal
VI. Additional Fence 1.£E. 13.00 2,930

VII. Groundwater Monitoring
Well l.s. 15,000.00 1

VIII. Post—Excavation Sampling
and Air Monitoring

Total Cost Reference

31,400 (22)

15,520 (22)
= $46,920

38,090 (23)

15,000 Table G-4*

Program l.s. 120,000.00 1 120,000 {24)
IX. Aaasphalt Repaving B.Y .. 7.50 4,500 33,750 . (25)
Subtotal (Capital Cost) = $3,801,635
Mobilization, Engineering and Contingency {(50%) = $1,900,815
Total Capital Cost = $5,702,450
ANNUAL COST
I. Site Maintenance month 1,150.00 12 13,800 {26)
IT. Cell Maintenance l.s1. 4,800.00 7 1 4,800 (27)
III.Site
Inspectiocns sach 3,000.00 2 6,000
IV. Fence Repair 1.f. 13.00 . 430 5,590 (28)

IV. Groundwater
Monitoring l.s. 6,230.00 1

Subtotal (Annual Cost)

Present Worth (30 yrs., 10%, PWF=9.43)
Contingency (25%)

Total Present Worth (Annual Cost)

TOTAL, PRESENT WORTH OF ALL COSTS . =

6,230 Table G-5%
== 35,880
= 338,350
= 84,590

= $429,300

$7,425,300
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APPENDIX 13
TABLE b
COST ESTIMATE _

REMEDIAL ALTERNATIVE. VI
ON-SITE CONTAINMENT CELL

NORTHEAST AREA
Page 3 0of 8
Notes:
* Tables listed refer to tables in Appendix G of FS.
D Based on recent similar industrial sewer cleaning project cost, New Jersey and Pennsylvania area, Cost

for stabilization is included with cost of pond sediment stabilization, Table G-1.

(3] Based on the following:

a. Transportation and disposal facility price quote for non-hazardous waste transportation
($14/ton) and disposal ($58/ton) in Argyl, PA.

b. Total of 600 cubic yards (Table 4-3) and assumed density of 2.0 tons per cubic yard.

3) Quantity is for excavation of four feet of soil for the base area of approximately 122,500 square feet (see
Appendix 13B). Cost is from Means, Common Earth Excavation, hydraulic backhoe, 3/4 cu. yd. bucket
(022-250-2035). Updated for inflation to $12.46 per cubic yard.

€))] Quantity is for excavation of rock to a 5 % maximum bottom slope. See Appendix 13B for calculations,
Cost is from Means, updated for inflation:
Drilling and Blasting (over 1,500 cu. yds.) (022-234-0100)
Cost = $6.26 per cubic yard
Excavation, blasted rock, 3/4 cu. yd. bucket (022-250-3010)
Cost = $14.04 per cubic yard
Total unit cost = $6.26 "+ ~$14.04 = $20.30 per cubic yard

) This represents the cost of a six inch subbase layer of permeable soil.
uantity: , :

The surface area of the on-site containment cell in the northeast area is approximately 122,500 cubic
yards. See Appendix 13B for additional information. The volume of the 6" subbase is 2,270 cubic yards.
Unit Cost: N '

The unit cost for this item of $17.20 was taken from the bid submitted by Foster Wheeler Enviresponse,
Inc. and selected by the NJIDEPE for the remediation of the Combe Fill South Landfill. This bid item
was for drainage layer material (sand) with a permeability not less than 1.0 x 107 cm/sec.
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TABLE B
COST ESTIMATE
REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL
NORTHEAST AREA
Page 4 of 8

Notes (continued):

®) This reprcsents the cost of a composite HDPE and bentonite secondary liner.

nanti
The area to be lined is 122,500 square feet. See note Ne. 5, above.
Cost:
The cost is a price quote of $0. 70 for materials and msta]latlon from Gundle Lining Systems, Inc. March,
1993. . : '

)] This represents the costs for the one foot thick permeable (1.0 x 107 cm/sec) soil drainage layer in the
leachate detection zone.
uantity:
The quantity is equal to the surface area (i.e., 122,500 square feet) of the northeast area cell (see note
No. 5, above) and a one foot depth: 122,500 cublc feet, or 4,540 cubic yards
Cost:
See unit cost note No.5.

€)) This represents the cost of the 4" diameter perforated piping required for the leachate detection zone.
uantity:

The quantity is based on the perforated piping system layout prescntcd in Appendix 13B (maximum 100’
spacing).
Unit Cost: ‘ ,
The unit cost ior this item was taken from the bid submitted by Foster Wheeler Enviresponse, Inc. and
selected by the NJDEPE for the remediation of the Combc Fill South Landfill. This bid item was for
four inch diameter perforated PVC pipe.

9 This represents the cost of a manhole sump to be connected to the leachate detection zone piping
system.
Quantity:
One manhole sump would be used to monitor the potential preserce of leachate in the leachate
detection zone.
Unit Cost:
Means Construction Cost Guide. Precast, 5’ 1.D., & deep 027-152—117(}.

(10)  This represents the cost of the 60 mil HDPE primary finer.

nantity: )
The area to be lined is 122,500 square feet. See note No. 5, above.
Cost:
The cost is price quote from NSC liner for 10 ounce per s.y. geotextile ($0.12/s.f.) plus installation
($0.06/s.£.).
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Page S of 8

Notes (continued): ' , o L

(11)

(12)

(13)

(149

(15)

This represents the cost of the 1.5 thick permeable (1.0 x 102 cm/sec) soil drainage layer included in

the leachate collection zone. This layer also serves as the protective soil cover for the liner system.
uantity:

The quantity is equal to the surface are (122,500 square feet) of the shale pit cell (see note No. 3,

above) and a 1.5 depth: 183,750 cubic feet, or 6,810 cubic yards

Unit Cost: - ,

See unit cost aote No 5 above.

This represents the cost of a manhole sump to be connected to the leachate collection zone piping
system.

Quantity:

One manhole sump would be used to collect leachate from the leachate collection zone. Leachate
collection, treatment and disposal is discussed in Section 3.1.17.

Unit Cost:

Means Construction Cost Guide. Precast, 5 ID 8 deep. 027-152-1170.

Approximate costs, vendor estimates, for labor, testing, material and equipment for three week trial
operation.

Based on the following:

a, Cost: Refer to Table G-6 (Appendix G, FS).

b. Ash Quantity: Total of 165 c.y. (refer to Section 3.1.4.1, Weight/Volume of Waste) and
assumed density of 1.84 tons per cubic yard. Total = 160 c.y. x 1.84 tons/c.y. = 294 tons.

c. Soil Quantity: Total of 26,273 c.y. (refer to Section 3.1.4.1, Weight/Volume of Waste and

Appendix 4A) and assumed density of 1.84 tons per cubic yard. Total = 26,273 cy. x 1.84
tons/c.y. = 48,342 tons.
d. Total Soil and Ash Quantity : 294 tons (ash) + 48,342 tons (soil) = 48,636 tons.
= 48,640 tons (approximately)

This represents the cost of the one foot thick intermediate cover component of the final cover to be
placed over the stabilized Site material.

uanti
The quantlty is equal to the product of the surface area of the shale pit cell (122,500 square feet) and
the 1.0 foot depth: 122,500 cubic feet, or 4,540 cubic yards.
Unit Cost:
The unit cost for this item was taken from the bid submitted by Foster Wheeler Enviresponse, Inc. and
selected by the NJDEPE for the remediation of the Combe Fill South Landfill. This bid item was for
off-site embankment material.
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COST ESTIMATE
REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL

NORTHEAST AREA
Page 6 of 8

Notes {(continued):

(16)  Quantity is equal to surface area of on-site containment cell liner; 122,500 s.f. The cost is price quote
from NSC liner for 10 ounce per s.y. geotextile ($0.12/s.f) plus installation ($0.06/s.f.).

(17}  Based on price quote from supplier (NSC, Pittsburgh, PA) of $0.55/s.f. for 60 mil high density
polyethylene (HDPE) liner, installed: $0.30/s.f. materials and $0.25/s.f. installation. Quantity is equal
to area of on-site containment cell cover (122,500 s.£.).

(18)  Based on price guote from supplier (NSC, Pittsburgh, PA) of $0.31/s.f. for geonet drainage layer (PN
3000), installed: $0.25/s.f. materials and $0.06/s.f. installation. Quantity is equal to area of on-site
containment cell cover (53,100 sf.).

(19)  For cost, see note No. 15, above. Quaantity is equal to the product of the surface area of the on-site
containment cell (122,500 square feet) and the 1.5 foot depth: 183,750 cubic feet, or 6,805 cubic yards.

(20)  Quantity is equal to the product of the surface area of the on-site containment cell (122,500 square feet)
and the 0.5 foot depth of topsoil: 61,250 cubic feet, or2,270 cubic yards. The unit cost for this item was
taken from the bid submitted by Foster Wheeler Enviresponse, Inc. and selected by the NIDEPE for
the remediation of the Combe Fill South Landfill. This bid item was for topsoil.

(21)  Based on the following:
A. Dimensions of channel cross-section:
width = 130 ft.
depth at center = 2.5 (slope = 1H:2V)
thickness of rip rap = 0.75
cross-sectional area of channel to be excavated = 21 12 sf

cross-sectional area of rip rap = 5.06 s.f.

B. Costs - Rip Rap Liner
Excavation = 21.12 s£/1f. x lcy./27cf. x $12.14/cy. (Means, 022-250-2035) = $9.50/1f.
Load/stockpile = 21.12 s.£./Lf. x 1.0 Lf. x lcy./27cf x ($1.26/c.y. + $1.87/cy.) (Means, 022-
250-9024, 022-266-0310) = $2.44/1f. '
Rip Rap = 5.06 s.f/Lf. x 1.0 Lf. x lcy./27cf. x $13.50/cy. (see above) = $2.53/Lf. Place rip
rap = 16.0s.f./1f. x $0.18/sf (see above) = $2.83/Lf. '
Gegtextile = 16.0 s.f./LE x $0.18/s.f. (see above) = $2.83/Lf.
Total = $9.50 + $2.44 + $2.53 + $0.59 + $2.88 .
= $17.94/Lf.
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COST ESTIMATE
REMEDIAL ALTERNATIVE VI
ON-SITE CONTAINMENT CELL

NORTHEAST AREA

Page 7 of 8

Notes (continued):

C. Costs - Grass Lined .
Excavation = $9.5(]/lf (see above)

Load/stockpile = _2.44/1f. see above)
Total = $1194/[f

(22)  Means Building Construction Cost Data (1989)
(015-304-0100)
Chain link fence, 6’ high: $11.85 per linear foot _
Adjusted for inflation: $11.85 x 1.1 = $13.00/Lf. (approximately)

(23) Based on the following costs:

$65,000 Air monitoring program for three months until: (1) off-sitc and on-site soil
consolidation is completed; and (2) ﬁrst layer (12" intermediate cover) has been
installed.
25,000 X-ray florescence field sampler for metals (post-excavation sampling).
10,000 Off-site analytical costs for post-excavation confirmation samples (to confirm field
results).
20,000 Labor costs for air monitoring and post-excavation sampling.
120,000 Total costs for air monitoring and post-excavation sampling.

(24) Based on the following:

a, Areas to be paved:
Weigh Station Road = 1,292 sq.ft.
Employee Parking Area = 4,857 sq.ft.

Main Facility Parking Area = 34,356 sq.ft.
Total = 40,505 sq.ft
= 4,500 sq.yds.

b. Cost is from Means Construction Cost Data for Philadelphia, three inch asphalt pavement.
Present unit costs of $7.50/sq.yd. updated from July 1988 ($6.30 per square yard) using
Engineering News Record Construction Cost Index from July, 1988 (5981.27) to November,
1991 (711037).

(25) Based on average month charges for maintenance of storm water and erosion control system at Site,

period from 1/90 to 1/91 ($900/month) and 5/90 through 5/91 ($140/month). Site security and
associated expenses would not be needed.
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Page 8 of 8

Notes_(continued):

(26)

@n

Based upon the following costs reported in Section 2.1.3.2 of Compendium of Costs for Remedial
Technologies at Hazardous Waste Sites; EPA /600/2-87/087; October 1987, adjusted for inflation:

Mowing /revegatation: <, $960/year/acre x 3 acres = 2,880
Erosion control: - $320/year/acre x 2 acres = 960
Repairs due to shrinkage, sweiling or
freeze/thaw damage:  $320/year/acre x 2 acres = __90
Total = $4,800

Based on a ten year life for 4,230 Lf. of new (2,930 Lf)) and existing (1,300 1f) perimeter fence.
Assumes annual repair of ten percent of total length, i.c., 423 1f. per year (approximately 430 1£).
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